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Abstract 
Dairy farming in the southern Cape region of South Africa is based on irrigated 
kikuyu (Pennisetum clandestinum) over-sown with different ryegrass species (Lolium 
spp.). Although this system can be highly productive, sustainable production of 
kikuyu is dependent on expensive nitrogen (N) fertiliser inputs and irrigation due to a 
high water requirement to maintain production. The introduction of lucerne 
(Medicago sativa) into pasture systems can lower the risk of high input cost and 
droughts. Lucerne has a high nutritive value, is able to fix atmospheric N, has high 
water-use efficiency and is adapted to local climatic conditions. The aim of this study 
was to determine the DM production potential of lucerne cultivars from various 
dormancy groups when over-sown into an existing kikuyu pasture base on soils that 
are suitable for lucerne cultivation, without any N fertiliser application. The study was 
carried out on the Outeniqua Research Farm near George, Western Cape. Two 
cultivars were selected from each of the four lucerne dormancy groups and sown 
into an existing kikuyu pasture based on soils suited for lucerne cultivation. Three 
establishment methods namely glyphosate/planter (Gly/Plant), glyphosate/rotavator 
(Gly/Rot) and rotavator (Rot) were used. The statistical design was a randomised 
block design with three replicates. The botanical composition (lucerne-, kikuyu-, 
clover-, grass- and weed content), growth rate (kg DM ha-1 day-1), total DM 
production (kg DM ha-1) and DM content of the treatments were determined before 
every grazing. The nutritional value (CP-, ME-, NDF-, Ca-, and P content) of the 
treatments was determined seasonally. Establishing lucerne into kikuyu with the 
glyphosate/rotavator (Gly/Rot) and rotavator (Rot) method yielded an overall higher 
percentage of established seedlings compared to the glyphosate/planter (Gly/Plant) 
establishment method. The establishment method used affected the botanical 
composition. Lucerne established with the Gly/Plant or Gly/Rot establishment 
method into kikuyu had a higher lucerne content than the Rot establishment method. 
The seasonal growth rates of the kikuyu-lucerne pasture varied between 14.8 kg DM 
ha-1 day-1 during winter to 84.1 kg DM ha-1 day-1 during summer. The establishment 
method and cultivar influenced the seasonal growth rate and total seasonal 
production. The cultivar WL 711 established with Gly/Plant establishment method 
had the highest or did not differ significantly from the highest lucerne content, 
seasonal growth rate and total seasonal production within seasons. The total annual 
xvii 
 
production ranged between 13805 to 19975 kg DM ha-1 year-1 with the Gly/Plant 
establishment method yielding the highest or did not differ significantly from the 
highest annual production when compared with the other establishment methods. 
The botanical composition affects the nutritive value of the kikuyu-lucerne pasture. 
The ME content of kikuyu and kikuyu-lucerne pasture did not meet the daily ME 
requirements for a lactating dairy cow to maintain milk production throughout both 
years. The CP and Ca content decreased as the lucerne content decreased and the 
kikuyu content increased. The P content of kikuyu-lucerne and kikuyu pasture met 
the daily P requirement of a lactating dairy cow. The dormancy groups D2 and D5 
were the only dormancy groups that could meet the recommended Ca:P ratio for 
dairy cows over all the seasons. Lucerne can be successfully established into kikuyu 
with the use of herbicide as part of the establishment method. Kikuyu-lucerne 
pasture has a higher DM production with an improved quality compared to kikuyu 
pasture. By establishing lucerne into kikuyu the cost of N fertiliser application could 
be lowered as no N needs to be applied. 
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Chapter 1 
Introduction 
1.1 Background 
Dairy farming from planted pasture is the main farming system in the Tsitsikamma 
region of the Eastern Cape Province and southern Cape region of the Western Cape 
Province of South Africa. These regions are also the areas with the highest milk 
production per hectare from planted pasture (MPO Statistics 2014).  
 
These pasture systems are primarily based on the sustainable productivity of 
irrigated kikuyu (Pennisetum clandestinum) over-sown strategically with annual 
ryegrass (Lolium multiflorum), perennial ryegrass (L. perenne) or with mixtures of 
perennial ryegrass, perennial white- (Trifolium repens) and red clover (T. pratense) 
(Botha, 2003; Botha, 2009; Van der Colf, 2011). The choice of pasture species over-
sown into kikuyu is based on the physical and chemical quality of the soil, the 
climate, availability of water for irrigation, the summer and winter rainfall distribution 
and production potential of species in the fodder flow program (Botha, 2003). 
 
In these systems, kikuyu forms the pasture base and main contributor to the 
botanical composition during summer and autumn. Different ryegrass species over-
sown into kikuyu contribute to the dry matter (DM) produced during winter and spring 
when kikuyu is dormant (Botha, 2009; Van der Colf, 2011). These kikuyu-ryegrass 
pasture systems are highly productive under optimum management conditions and 
can produce 15 to 18 tons DM ha-1 annually (Van der Colf, 2011) and can carry up to 
7.4 Jersey or 4.9 Friesian large stock units (LSU) ha-1 (Dugmore, 1998). 
 
The challenge for commercial dairy farms is to increase the quantity of DM produced 
from kikuyu, but also to sustain or improve the nutritive value of kikuyu (Garcia et al., 
2014). Garcia et al. (2014) regard the higher content of cell wall and lower content of 
water-soluble carbohydrates, as well as other nutrient imbalances, as the main 
limitations of kikuyu as animal feed. The inherent nutritional deficiencies of kikuyu 
pasture are well-documented (Miles et al., 1995; Marais, 2001; Botha et al., 2008a) 
2 
 
and have been linked to the low milk production of animals utilising kikuyu (Marais, 
2001). Marais (2001) based this low milk production potential of kikuyu pasture on 
anti-quality factors and mineral imbalances (Marais, 2001; Botha, 2003; Botha et al., 
2008a). Anti-quality factors of kikuyu include high concentrations of insoluble oxalate 
and high nitrate levels, mineral imbalances of calcium: phosphorus (Ca:P), and 
potassium: calcium + magnesium (K:Ca + Mg) (Miles et at., 1995; Marais, 2001). 
Marais (2001) stated that anti-quality factors have to be managed to maintain 
optimum milk production on kikuyu-based pastures, but there are also other reasons 
for the low milk production ha-1 and seasonal variation of milk production in kikuyu 
based pasture systems. The DM production of kikuyu fluctuates seasonally, with low 
production rate during winter and spring and high production rate during summer and 
autumn (Marias, 2001; Botha, 2003). This makes it necessary to provide additional 
fodder in the form of silage or hay during periods of low production.  
 
In terms of resources, kikuyu-based pastures are dependent on expensive fertiliser 
inputs, especially nitrogen (N), and availability of irrigation water for optimum 
production to remain productive and profitable for dairy production (Minson et al., 
1993; Marais, 2001; Swanepoel, 2014b). Nitrogen has become expensive. When 50 
kg N is applied after every grazing, which is a common practice, the cost of N 
equates to approximately R10 000 ha-1 year-1 of the total cost of pasture production, 
which is R16 000 ha-1 year-1 (Meeske, 2014). In a negative economic climate, these 
factors threaten the future sustainability of kikuyu-based pasture systems in the 
southern Cape (Burger, 2008).  
 
Changes in rainfall patterns of the southern Cape and availability of water for 
irrigation put pressure on farmers and researchers to look critically into the current 
kikuyu-ryegrass system and find means to change to a productive, cost effective 
sustainable pasture system (Bullen et al., 2002; Botha, 2003).  
 
Pasture systems should be based on species that can reduce the need for N 
fertilisation, have higher water use efficiency and can utilise resources within the 
deeper soil profile more effectively. Such species have to have high production 
potential and must be of a high forage quality. Persistence of a species determines 
the profitability of the stand since the longer the stand can maintain high production, 
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the more economical the system will be (Bullen et al., 2002). Swanepoel et al. 
(2010b) stated that the incorporation of legumes into pasture systems in the 
southern Cape is ecologically and economically viable. Legumes have the ability to 
fix atmospheric N due to the symbiotic relationship with Rhizobium bacteria 
(Patriarca et al., 2002). The introduction of legumes can thus result in a reduction in 
N application rates and an increase in soil quality (Humphries, 2008). Legumes can 
provide a financial benefit to pasture systems if managed correctly (Heichel and 
Henjum, 1991).  
 
The introduction of lucerne (Medicago sativa), a productive high quality legume, and 
alternative for kikuyu into the fodder flow programme for farmers, is a possibility. 
Lucerne is more productive than ryegrass during summer and autumn and kikuyu 
during winter and spring (Durand, 1993; Botha, 2003; Badenhorst, 2011; Van der 
Cold, 2011). Lucerne under irrigation has a similar production potential (15 t DM ha-
1) compared to kikuyu. Lucerne has the ability to grow with grass planted into it, has 
no need for N fertilisation, has a high water use efficiency, can effectively utilise 
resources within the deeper soil profile, has a high feed value (Patriarca et al., 2002; 
Humphries, 2008; Campion 2011), is drought tolerant and can be used under both 
dry land and permanent irrigation (Charlton and Stewart, 1999), is one of the most 
palatable legumes and palatability is maintained year round (Bullen et al., 2002; 
Pembleton, 2010). 
 
Unfortunately, lucerne is soil specific and for successful establishment the correct 
soil type needs to be selected (Oberholzer et al., 1996a). Soil type can thus be a 
limiting factor for the incorporation of lucerne into a pasture system. The problem is 
that many soils suited to lucerne cultivation in the southern Cape are currently under 
kikuyu-ryegrass systems (Botha 2003; Botha et al., 2008a). Due to the difficulty of 
eradicating kikuyu from such areas (Botha, 2009), options will have to be identified to 
introduce lucerne into kikuyu pastures by over-sowing methods. Although lucerne 
has been successfully sown with companion crops and grasses (McDonald et al., 
2003), there is limited data available on the production potential and sustainability of 
lucerne cultivars within different lucerne dormancy groups planted into kikuyu.  
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1.2 Aim  
The aim of this study was to determine the DM production potential of commercially 
available lucerne cultivars from various dormancy groups when over-sown into an 
existing kikuyu pasture base on soils that are suitable for lucerne cultivation. 
 
1.3 Objectives  
• To determine and evaluate the establishment success and persistence of 
lucerne over-sown into existing kikuyu pastures. 
• To evaluate seasonal growth rate, seasonal DM production and total annual 
DM production of a lucerne-kikuyu pasture system. 
• To determine the productivity of lucerne dormancy groups within a kikuyu 
pasture grazing system.   
• To determine the effect of different establishment methods on the 
establishment success of lucerne planted into an existing kikuyu pasture. 
• To determine seasonal forage quality of kikuyu and different lucerne 
dormancy groups. 
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Chapter 2 
Literature review 
2.1 Kikuyu  
Kikuyu (Pennisetum clandestinum) is a perennial tropical grass (C4) for which the 
natural distribution is the flat uplands of east and central Africa (Mears, 1970, 
Reeves, 1997, Marais, 2001). However, it also propagates well in subtropical 
climates (Whitney 1974a, Reeves, 1997; Botha, 2003; Garcia et al., 2014). Kikuyu 
was introduced into South Africa during 1910 when a single stolon was sent to the 
Botanical Gardens in Pretoria (Mears, 1970; Marais, 2001). According to Marais 
(2001) this material was the origin of all kikuyu pasture in South Africa until the 
seeding variety Whittet was introduced.  
2.1.1 Production potential of kikuyu 
The production potential of kikuyu is affected by management practices, seasonal 
temperature fluctuations and availability of water (dry land or irrigation) (Minson et 
al., 1993; Miles, 1997; Herrero et al., 2000). The effectiveness of irrigation and 
fertilisation are important management practices that influence the seasonal 
productivity of kikuyu (Fulkerson et al., 1998; Marais, 2001; Botha, 2003).  
 
The seasonal growth rate (kg DM ha-1 day-1) of kikuyu varies and is lower during 
spring (33.9 kg DM ha-1 day-1) than  during  summer (67.0 kg DM ha-1 day-1) or  
autumn (71.6 kg DM ha-1 day-1) (Botha, 2008a). The total seasonal production of 
kikuyu ranges from 1.5 t DM ha-1 during winter to 5.4 t DM ha-1 during summer in the 
southern Cape region of South Africa (Botha, 2003). In a study done by Swanepoel 
et al. (2014a) on the same study site, it was found that the DM production of kikuyu 
was 1.5, 6.3, 7.5, 6.0 t DM ha-1 for winter, spring, summer and autumn, respectively. 
In a study done by Fulkerson et al. (1999) in New South Wales, Australia, the 
seasonal production of kikuyu during summer was 4.5 t DM ha-1.  
The annual DM production of kikuyu can vary between 7.8 – 35.3 t DM ha-1 annum-1 
as shown in Table 1. This range in values might be due to different environmental 
and management factors that normally influence the production potential of kikuyu. 
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Under high N application rates of 874 kg N ha-1 year-1, kikuyu can yield up to 35.3 
t DM ha-1 annum-1 (Whitney, 1974a). In a study done by Fulkerson et al. (1999) on 
the varying grazing heights and defoliations frequencies of kikuyu, the annual 
production varied between 7.8 – 12.4 t DM ha-1 annum-1. 
 
Table 1 Annual yield (t DM ha-1 annum-1) of kikuyu pasture. 
Reference t DM ha-1 annum-1 
Whitney 1974a  
Fulkerson et al., 1999 
Cruywagen et al., 2007 
Botha et al., 2008a 
Neal et al., 2009 
Swanepoel et al. 2014a 
35.3 
7.8 – 12.4 
13.1 
13.8 
17.9 – 25.0 
21.3 
2.1.2 Nutritive value of kikuyu 
2.1.2.1 Dry matter content  
The DM content (%) of kikuyu is affected by the age of the plants, seasonal 
temperature changes and the application rate of N fertiliser (Gomide et al., 1969a; 
Marais, 1990; Van Heerden, 1986b; Botha, 2003). A study done by Gomide et al. 
(1969a) illustrated how the age of the plant affects the DM content of the plant. It 
was found that the DM content of kikuyu has a linear DM content increase of 0.83% 
per week as the plant aged (Gomide et al., 1969a). Consequently, young and 
actively growing kikuyu has a low DM content, which is the reason why animals 
grazing these pasture often have a low DM intake. The DM content of kikuyu can be 
as low as 13% in actively growing kikuyu and as high as 61% in older plants that 
have been experiencing moisture stress (Gomide et al, 1969a; Marais et al., 1990).  
The DM intake of animals grazing on young kikuyu is thus low, resulting in a low 
intake of nutrients and a reduction in production (Marais, 1990). The defoliation 
frequency influences the DM content of kikuyu pasture as found by Van Heerden 
(1986b) and Cruywagen et al. (2007). Cruywagen et al. (2007) found that the DM 
content decreases from 15.6% to 12.5% when the defoliation frequency increased 
from 7 days to 35 days. However, at the 43 day defoliation frequency the DM content 
increased to 14.0%. In comparison, Van Heerden (1986b) found that the average 
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DM content of kikuyu ranged between 17% and 23% when defoliation frequency was 
2 and 19 weeks respectively. In a study that was conducted in the southern Cape 
region of South Africa, the seasonal DM content of kikuyu during summer/autumn 
varied between 14.2% and 14.6% and during spring increased to  16.8% (Botha, 
2003).  
 
Gomide et al. (1969a) found that the application of N tends to decrease the DM 
content of kikuyu, as shown in Table 2. This is probably due to increased growth rate 
associated with application of N fertiliser (Miles, 1997). Without N application the DM 
content ranged between 22.7% and 27.5% and when 200 kg N ha-1 was applied it 
ranged between 20.0% and 26.0% at 4 and 12 weeks of growth, respectively. 
 
Table 2 Influence of nitrogen fertilisation on the mean dry mater content (DM %) of 
tropical grasses at 4 and 12 weeks (Adapted from Gomide et al., 1969a). 
Plant age (weeks)  4 12 
Nitrogen (kg N ha-1) Dry matter (%) 
0 22.7 27.5 
100 21.0 26.4 
200 20.0 26.0 
2.1.2.2 Crude protein  
Crude protein (CP) content of plant biomass is calculated from the N content (N x 
6.25 = CP) (McDonald et al., 2002). Hence the application of N fertiliser increases 
the CP content of tropical grasses (Gomide et al., 1969a; Awad et al., 1979). In a 
study conducted by Gomide et al. (1969a) the CP content of kikuyu was evaluated at 
fertiliser application rates of 0 and 200 kg N ha-1 annum-1 over two years when 
defoliated every 4 weeks. At 0 kg N ha-1 annum-1 the CP content was 17% during 
year 1 and 15% during year 2. The CP content at an application rate of 200 kg N ha-1 
annum-1 was higher for both years at 20.8% for year 1 and 22.8% for year 2. 
 
The percentage of CP varies between 10.7% and 23.6% as the N application differs 
between 0 and 600 kg N ha-1 annum-1 (as cited by Van der Colf, 2011). In a study 
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where kikuyu was fertilised with 50 kg-1 N ha-1 after each grazing, the CP ranged 
between 15% and 18% (Botha, 2003). An established kikuyu pasture that was 
fertilised with 210 kg N ha-1 (split into three dressings) had a CP content of 16% to 
24% (Dugmore, 1999). In another study, Dugmore and Du Toit (1988) found that the 
CP content of kikuyu was in the range of 12.7% to 23.3%, with a mean annual CP 
content of 18.7%. The CP content of kikuyu meets the daily nutrient requirements for 
CP (between 11.8% to 18.2%) of a small breed dairy cow (live weight 454 kg) in 
midlactation (NRC, 2001). When the CP content of feed is low the milk production of 
a dairy cow could be limited (Kovler, 2003; Bozickovic et al., 2012).  
 
The CP content of kikuyu also depends on the defoliation frequency (Gomide et al., 
1969a; Cruywagen and Botha, 2009). For example, the CP of kikuyu decreased from 
21.6% to 13.1% as the defoliation frequency increased from 4 weeks to 32 weeks. 
As the plant ages the CP content thus decreases (Gomide et al., 1969a). Cruywagen 
and Botha (2009) reported similar findings. In their study, the CP content of kikuyu 
decreased from 33.2% to 20.9% when the defoliation interval increased from 7 days 
to 42 days. The decrease in CP as the defoliation interval increases can be 
explained by the different CP contents of the various parts of a kikuyu plant, as 
presented in Table 3. 
 
As the kikuyu plant ages the leaf to stem ratio decreases, while once the plant ages 
past the 4.5 leaf stage, accumulation of dead material increases (Fulkerson et al., 
2010). Due to the lower CP content of the stem and dead material, the mean CP 
content decreases as the plant ages (Fulkerson et al., 2010). According to the 
findings of Whitney (1974b) the CP content of kikuyu tended to level off after 6 
weeks of growth.  
Table 3 The crude protein content (CP) (%) of the leaf, stem and dead plant material 
of kikuyu (Fulkerson et al., 2010). 
Kikuyu component CP % 
Leaf 
Stem 
Dead 
21 
17 
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The CP content of kikuyu also varies seasonally. The CP content is significantly 
higher during summer, autumn and winter (17.8% to 17.7%) compared to the CP 
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content during spring (14.5%), when it reaches its lowest level (Fulkerson et al., 
1999). Fertiliser practices can also affect how CP content varies seasonally, with 
lime and N fertiliser applications increasing the N concentration of kikuyu during 
autumn and winter as illustrated in Figure 1 (Award et al., 1979). 
 
Figure 1 Seasonal changes in N content of kikuyu pasture at different rates of a: N 
application and b: lime application (Award et al., 1979).  
2.1.2.3 Carbohydrates   
Carbohydrates are the energy source derived by ruminants from forage (Marais, 
2001). Carbohydrates can be classified into non-structural carbohydrates (NSC) and 
structural carbohydrates (neutral detergent fibre, NDF) (NRC, 2001; Jung et al., 
2012). The NSC component is more easily digested than the structural carbohydrate 
component/NDF (NRC, 2001). 
Non-structural and water soluble carbohydrates 
The palatability, DM intake and digestibility of kikuyu pasture depend on the level of 
NSC in the pasture. When the NSC content of kikuyu is high, the palatability 
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increases and intake of pasture could potentially increase (Marais, 2001). High NSC 
levels not only increase palatability and intake but also increase digestion (NRC, 
2001). The NSC component of kikuyu pasture is composed of water-soluble 
carbohydrates (WSC) and starch (NRC, 2001). The WSC content of kikuyu begins to 
decrease during autumn and winter, increases again in spring and peaks in summer 
(Fulkerson et al., 1998). Due to the seasonal fluctuations of WSC and CP, as 
discussed, the CP to WSC ratio also changes as the season’s progress (Fulkerson 
et al. 1998). The highest CP:WSC ratio was found to occur during the winter months 
when the NSC content was at its lowest (Fulkerson et al., 1998). The CP levels 
remain the same during decreasing concentration levels of NSC during autumn to 
winter. As a result the CP:NSC ratio remains relatively constant at 2.8:1 between the 
1 and 4.5 leaf/tiller stage.  
Neutral detergent fibre 
Neutral detergent fibre (NDF) is the measurement that describes the content of 
structural components of plant cells in animal diets and forages (NRC, 2001). As a 
measurement of structural components, it gives an indication of the level of structural 
carbohydrates and most of the chemical compounds that contribute to the fibre 
content of feedstuffs. 
 
A high NDF content in pasture is viewed as a limiting factor for grazing animals due 
to its negative impact on intake and digestibility of the pasture (Reeves, 1997; 
Fulkerson et al., 1998). The NDF content of kikuyu increases as the plant ages, thus 
the DM intake and digestibility decreases as well (Taute, 2000; Marais, 2001; Botha, 
2003). The NDF content of kikuyu increased from 53.4% to 59.8% when the 
defoliation interval increased (increase plant age) from 7 days to 35 days, 
respectively (Cruywagen et al., 2007). In similar findings, the NDF content increased 
from 49% to 53% from the two to four leaf stage (Fulkerson et al., 1999). 
 
The NDF content of kikuyu is seasonally affected. It decreases to as low as 45%  
during mid-winter and spring due to the low growth rate experienced during this time 
and increases to as high as 60% during summer when the plant is actively growing 
(Fulkerson et al., 1998, Fulkerson et al., 1999). Contradictory to this study, Fulkerson 
et al. (2007) found that the NDF content of kikuyu was the lowest in summer 
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(50.3%), highest during spring, (63.9%) and intermediate during autumn (53.5%). 
According to the NRC (2001) the daily NDF requirements of a lactating cow should 
not be lower than 30% for her total daily feed. Kikuyu meets the daily NDF 
requirements of a lactating dairy cow. 
2.1.2.4 Metabolisable energy   
Metabolisable energy (ME) is calculated as the digestible energy minus the energy 
lost to urine and methane production (McDonald, 2002). A dairy cow weighing 550 
kg and producing 15 kg milk a day, containing 38 g fat and 34 g protein kg-1 requires 
14.6 MJ ME kg-1DM day-1. A dairy cow with higher milk production (e.g. 20 kg milk 
day-1) and similar milk composition will require more ME (e.g. 16.2 MJ ME kg-1 DM) 
(McDonald, 2002). This highlights the importance of considering the ME content of 
kikuyu, as it is the first limiting factor for animals grazing kikuyu pasture (Kolver, 
2003). According to Marias (2001) the mean annual ME of kikuyu is 8.5 MJ kg-1 DM.  
As can be seen from Table 4, the ME content of kikuyu is affected by season, 
varying between 8.1 and 9.9 MJ kg-1 DM.  
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Table 4 The metabolisable energy (ME) content (MJ kg-1 DM) of kikuyu. 
Reference Season ME 
Fulkerson et al. 1998 
Spring/Summer 
Winter 
8.5 
9.5 
Dugmore, 1999 
Spring 
Summer 
Autumn 
9.3 
9.0 
8.8 
Fulkerson et al., 1999 
Spring  
Summer 
Autumn/Winter 
9.1 
8.2 
9.3 
Fulkerson et al., 2007 
Spring 
Summer 
Autumn 
9.5 
9.9 
9.0 
Botha et al., 2008a 
Summer 
Autumn 
8.9 
8.1 
 
Table 5 shows the ME content of the various parts of a kikuyu plant, illustrating how 
the ME content of the plant components differ. The highest ME content is found in 
the leaves, followed by stems and the lowest ME content is present in dead material. 
Thus, as the plant ages and the stem and dead leaf material accumulates, a 
decrease in the ME content of kikuyu pasture is found (Fulkerson et al., 2010). The 
decrease of ME as the plant ages is supported by a study of Fulkerson et al. (1999) 
who found that at the 2, 4 and 6 leaf stage the ME was 9.1, 8.8 and 8.6 MJ kg-1 DM, 
respectively. 
 
Table 5 The metabolisable energy (ME) content (MJ kg-1 DM) of the leaf, stem and 
dead plant material of kikuyu (Fulkerson et al., 2010). 
Kikuyu component ME 
Leaf 
Stem 
Dead 
9.2 
7.4 
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2.1.2.5 Calcium and phosphorus content 
The calcium (Ca) content of kikuyu, as a tropical grass, is low (0.23% to 0.31%) 
when compared with temperate grass species (0.31% to 0.55%), posing a potential 
problem for productive dairy animals (Loneragan et al., 1968; Miles et al., 1995). The 
recommended daily Ca requirement for a dairy animal is 0.67% of the daily DM 
intake (NRC, 2001). Calcium content of kikuyu, however, shows large variation in the 
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literature with, for example, Gomide et al. (1969b) reporting a mean annual Ca 
content of 0.42%, compared to 0.25% found by Dugmore (1999). Defoliation 
frequency affects the Ca content of kikuyu, decreasing from 0.5% to 0.4% as the 
plant ages from 4 weeks to 36 weeks (Gomide et al., 1969b). In addition, the Ca 
content varies seasonally, increasing during the autumn and spring months (0.34% 
to 0.36%) and decreasing during the summer months (0.25% to 0.32%) (Miles et al., 
1995; Fulkerson et al., 1999; Botha et al., 2008a).  
 
The phosphorus (P) content of kikuyu meets the daily requirement of a lactating 
dairy cow (0.38%) (NRC, 2001) during the summer months but only marginally 
during autumn and spring (Botha, 2003). The P content decreases as the plant ages, 
from 0.24% at week 4 to 0.14% at week 36 (Gomide et al., 1969b). Additionally the P 
content varies seasonally. It is highest during summer at 0.38% and lowest during 
winter at 0.27% (Fulkerson et al., 1999 NRC, 2001). Botha et al. (2008a) found that 
kikuyu had a P content of 0.51% during summer and of 0.58% during autumn. 
Gomide et al. (1969b) found that the mean annual P content of kikuyu was 0.18%, 
compared to 0.33% found by Dugmore (1999). 
2.1.3 Factors affecting kikuyu production 
2.1.3.1 Temperature  
Kikuyu is more sensitive to temperature fluctuations than other tropical grass species 
(Ivory and Whiteman, 1978). Kikuyu maintains optimum production at a mean 
atmospheric temperature of 25°C (Murtagh et al., 1987). Mean atmospheric 
temperatures below 10°C (Minson et al., 1993; Marais 2001) and above 40°C restrict 
the growth and thus the production potential of kikuyu (Ivory and Whiteman, 1978). 
The growth rate of kikuyu will thus increase during the higher temperatures of 
summer and decrease during autumn/winter as the temperature decreases (Marais 
et al., 1987). These seasonal temperature fluctuations are the main reason for the 
varying seasonal DM production of kikuyu (Ivory and Whiteman, 1978; Botha, 2003). 
Seasonal temperature fluctuations are also reflected in the leaf to stem ratio of 
kikuyu (Fulkerson et al., 1999). During the late summer and autumn kikuyu produces 
more rhizomes and stolons. The build-up of root reserves in the rhizomes and roots 
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is important for the plant to over-winter and to develop new leaves and roots in the 
following spring (Botha, 2009).  
 
Growth rate of kikuyu is also affected by soil temperature. When the average soil 
temperature decreases by one degree below 18°C the growth rate can be reduced 
by as much as 11 kg ha-1 day-1 (Whitney, 1974b).  
2.1.3.2 Water  
Kikuyu has the ability to utilise water within the top 1.2 m of the soil profile (Mears, 
1970; Murtagh, 1988, Nie et al., 2008). This enables the plant to be more drought 
resistant compared to other shallow rooted grass species (Nie et al., 2008). High 
rates of evapotranspiration (>3.5 mm day-1), as experienced during summer months, 
could result in water stress, even though soil water content is sufficient (Murtagh, 
1988). Water stress will result in decreased production (Murtagh, 1988; Marais, 
2001). In a study by Murtagh (1988) the production of kikuyu decreased by 61% 
when evapotranspiration was 5 mm day-1, even though soil water content was 
sufficient. Murtagh (1988) found that to maintain production, frequent irrigation of 
kikuyu is important when evapotranspiration demands are high. 
2.1.3.3 Soil  
In its natural habitat kikuyu grows on deep, lateritic red loam soils of volcanic origin 
(Mears, 1970). Kikuyu prefers a well-drained, fertile soil with a high N level, but can 
tolerate a moderate degree of water-logging and salinity (Russel, 1976).  
Soil fertility 
Dickenson et al. (2010) stated that kikuyu needs a soil pH (KCl) between 5.0 and 6.0 
to produce optimally. It is tolerant to soil acidity, with soil acid saturations up to 60% 
having no significant effect on DM production (Miles, 1997). However, cultivating 
kikuyu in these soils is not advised as Ca uptake is reduced when soil acid saturation 
exceeds 40%. The application of lime is advised as it increases the soil pH, allows 
for adequate uptake of Ca and ensures that Ca levels in kikuyu herbage are 
maintained (Miles, 1999). 
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Miles (1991) stated that the availability of soil N is the most important element 
influencing pasture production. All the N in soil is not always available for the kikuyu 
plant to utilise. Kikuyu can only utilise N when it is in the form of ammonium (NH4+) or 
nitrate (NO3-) (Miles 1999). Due to the high N requirements of kikuyu the South 
African pasture industry is reliant on high levels of N application to maintain high 
levels of pasture production (Russel, 1976; Miles, 1991). An annual fertiliser 
application rate of 300 to 500 kg N ha-1 year-1 is recommended to maintain optimum 
production (Miles, 1997). Nitrogen should be applied in split dressings of 50 to 100 
kg N ha-1 during the growing season (Miles, 1997; Botha, 2009). 
 
The recommended P level of soil for irrigated kikuyu pastures is 30 mg P kg-1 
(Dickenson et al., 2010). Dickenson et al. (2010) recommend that in sandy soils the 
P level should be at least 80 mg kg-1 and in clay soils 120 mg kg-1.  
 
High levels of potassium (K) are taken up by kikuyu when production is high. The 
uptake of K also depends on the level of N in the herbage (Miles, 1999). Production 
potential is decreased when soil K content is below 70 mg kg-1 (Beyers, 1994).  
2.1.4 Anti-quality factors 
Miles et al. (1995) found that productive kikuyu pastures on high potential soil had 
lower than expected animal production. This led to extensive research on the 
production and quality of kikuyu pastures. It was found that kikuyu pasture has anti-
quality factors and mineral imbalances that need to be managed to achieve optimum 
animal production on kikuyu based pasture systems (Miles et al., 1995; Marais, 
2001).  
2.1.4.1 Oxalic acid 
Oxalic acid forms the most stable and least soluble chelate with Ca (Ca oxalate) and 
limits the availability of Ca in kikuyu to the grazing animal. Oxalic acid accumulates 
in tropical grasses such as kikuyu (Marais, 1997), resulting in insufficient levels of Ca 
available to the grazing animal (Marais, 2001). Marais (1990) noted that the oxalate 
levels in kikuyu stems are higher than in the leaves. The oxalate concentrations in 
kikuyu stems have been recorded at 9 g kg-1 DM, with levels increasing as the level 
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of N fertiliser application increases (Marais, 1990). It is therefore important to 
maintain the optimum leaf to stem ratio in order to minimise the oxalate levels in the 
pasture (Reeves, 1997). 
2.1.4.2 Mineral imbalances 
The recommended Ca:P ratio for dairy cattle is 1.6:1 (NRC, 2001), with 1:1 set as 
the lowest tolerable ratio (Miles et al., 1995). Kikuyu pastures often contain more P 
than Ca, thus offering an imbalanced Ca:P ratio (Miles et al. 1995). Miles et al. 
(1995) and Fulkerson et al. (1998) found that P levels were highest during summer 
when the kikuyu plant is actively growing, while it was lower during spring and 
autumn. He found that this seasonal trend was opposite for Ca levels resulting in  
Ca:P ratio ranging from 0.95:1 to 0.68:1, and even becoming as low as 0.4:1 to 0.5:1 
during mid-summer (Miles et al., 1995). Botha et al. (2008a) found the Ca:P ratio to 
be 0.62:1 during the summer/autumn period. However, Fulkerson et al. (1998) found 
that the Ca levels were higher during spring at a Ca:P ratio of 2.3:1 and during 
summer 1.2:1.  
 
The sodium (Na) content of kikuyu ranges between 0.2 and 5.4 g kg-1 DM, which can 
result in Na deficiencies under certain circumstances (Marais, 2001). The ratio of 
K:Na + Mg should be 20:1 and when the ratio is above 30:1 , Mg reabsorption by 
ruminants is impaired (Berringer, 1988). When the K:Na + Mg ratio is above 30:1 it 
appears to have a negative impact on the reproductive performance of animals 
(Berringer, 1988). 
 
A K concentration of 0.5% to 0.8% is considered to be adequate for ruminants (Miles 
et al., 1995). Kikuyu has an unfavourably high K level of 9.3 – 42.4 g kg-1 (0.9 – 
4.2%), exceeding the animals’ requirement for K (Marais, 2001). High levels of K 
inhibit the uptake of Mg and Ca, leading the molar ratio of K:Ca + Mg  to range 
between 2.19 and 3.15 (Miles et al., 1995). The recommended safety ratio for K:Ca + 
Mg is 2.2 and these high levels could result in animal disorders (Marais, 2001). High 
levels of N fertiliser application results in a further increase in K content of kikuyu 
pasture (Miles et al., 1995). Furthermore, high levels of K in soils could lead to high 
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K uptakes by the plant, resulting in reduction of Ca, Mg and Na content in plants, 
causing mineral imbalances (Miles, 1991).  
2.1.4.3 Nitrate content  
To optimize the production potential of kikuyu, high levels of N fertiliser are applied, 
which leads to the accumulation of nitrate in the plant (Fulkerson, 2007). When the N 
levels in kikuyu are at 3.4%, the CP content is in the range of 23% and it has been 
found that at these levels, the nitrate levels increase dramatically (Reeves et al., 
1996). When ruminants consume kikuyu pasture, nitrate is transformed into 
ammonium by the microbial action in the rumen (Marais, 1980). Nitrite is a toxic 
chemical, which is formed as a transitional product during the microbial process of 
transforming nitrate into ammonium (Marais, 1980). Nitrite poisoning may lead to the 
death of ruminant animals, however the subclinical effect on the animal’s digestion 
can directly affect animal performance prior to any clinical signs being apparent 
(Marias, 2001). Concentrations of nitrate tend to increase as the kikuyu plant ages 
and it also has a tendency to be higher in the stem than leaf tissue (Marais et al., 
1987).  
2.1.4.4 Allelopathy  
Allelopathic substances are derived from decaying kikuyu plant material and inhibit 
the germination and growth of other seedlings established into kikuyu pasture 
(Marias, 2001; Botha, 2003). This enables kikuyu to have an advantage over other 
species planted into kikuyu and complicates the management of mixed kikuyu 
pasture systems (Marais, 2001). Philpotts (1981) found that kikuyu reduces the 
nodulation of certain legumes and according to Marais (2001) this could have a 
detrimental effect on the persistence of certain legumes over-sown into a kikuyu 
pasture.  
2.1.5 Grazing frequency  
The frequency at which kikuyu should be grazed can be determined by the leaf stage 
(Reeves, 1997) or at a set interval according to when the nutritive value of pasture is 
optimized (Cruywagen and Botha, 2009). It has been found that the optimum time to 
graze kikuyu is when the maximum number of leaves is available (Reeves, 1997; 
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Fulkerson et al., 1999; Fulkerson et al., 2010). The rate of leaf emergence depends 
primarily on temperature, and the grazing frequency should be adapted accordingly 
(Fulkerson et al., 2010). The recommended time for grazing kikuyu during the spring 
and summer is at the 4.5 leaf stage and at the 5 – 6 leaf stage during winter and 
autumn (Reeves, 1997; Fulkerson et al., 1999). The time between grazing allows the 
plant to replenish its carbohydrate reserves for subsequent regrowth (Reeves and 
Fulkerson, 1996). Inaccurate management of grazing frequency can result in 
wastage of pasture and a decrease in pasture quality (Garcia et al., 2014). Under 
optimum management, the grazing frequency can range from 12 days during 
summer when kikuyu is actively growing to 35 days during autumn/winter when the 
growth rate is lower (Fulkerson et al., 1999; Fulkerson, 2007).  
 
In a study done by Cruywagen and Botha (2008) at Outeniqua Research Farm in the 
southern Cape of South Africa, it was found that defoliation frequency had an effect 
on the quality and production of kikuyu. The DM content decreased (16% to 12%) 
and the yield increased (<0.5 to 3 t ha-1) as the defoliation frequency increased from 
7 to 42 days. An increase in defoliation frequency from 7 – 42 days resulted in a 
decrease of CP and an increase of NDF. From this study it was concluded that the 
optimum defoliation frequency should be between 28 – 35 days. This allows 
adequate time for growth and ensures quality pasture for grazing. 
 
Grazing frequency also has an impact on the leaf to stem ratio (Fulkerson et al. 
1999). The impact of this on the forage quality, due to the varying levels of CP and 
ME in stems and leaves (as shown in Table 6), should thus be considered 
(Fulkerson et al., 2010). Table 7 illustrates how the summer and annual production 
of stem, leaf and leaf percentage of kikuyu is affected by cutting kikuyu at the 2, 4 
and 6 leaf stage (Fulkerson et al., 1999). Short grazing frequency, at the 2 leaf 
stage, was shown to result in a high summer leaf percentage (91%) and leaf 
production (4340 kg DM ha-1), but a lower annual leaf production (8707 kg DM ha-1). 
When a longer grazing frequency, at the 4 leaf stage, is applied it resulted in a lower 
summer leaf percentage (87%) and leaf production (3530 kg DM ha-1), thus annual 
leaf production was higher (10399 kg DM ha-1). When the grazing frequency was 
further extended to the 6 leaf stage, summer leaf production was found to be the 
lowest (2500 kg DM ha-1), while stem production was highest (1440 kg DM ha-1). 
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Thus as summer grazing frequency increased, leaf production decreased and stem 
material increased, highlighting the importance of applying the correct grazing 
frequency.  
 
Table 6 The crude protein (CP) content (%) and metabolisable energy (ME) (MJ kg-1 
DM) of the leaf and stem material of kikuyu (Fulkerson et al., 2010). 
Kikuyu component CP (%) ME (MJ kg-1 DM) 
Leaf 
Stem 
21 
17 
9.2 
7.4 
 
Table 7 The summer and annual leaf and stem production and leaf percentage of 
kikuyu defoliate at the 2, 4, and 6 leaf stage (Fulkerson et al., 1999). 
Defoliation 
Interval 
Summer 
 
Annual 
Leaf Stem 
 
Leaf Leaf 
(kg DM ha-1) 
 
(kg DM ha-1) (%) 
2 leaves 4240 340 
 
8707 91 
4 leaves 3530 470 
 
10399 87 
6 leaves 2500 1440 
 
9336 79 
2.1.6 Over-sowing kikuyu 
According to Van Heerden (1986a) kikuyu pastures are primarily grown in pure 
swards due to the inability of other grasses and legumes to compete with kikuyu 
during its active growth stage. Research, however, has shown that kikuyu can 
effectively be managed as a pasture base within a pasture system (Reeves, 1997; 
Botha 2003; Van der Colf, 2011).  
 
The practice of “over-sowing” refers to the improvement of the kikuyu pastures by 
establishing pasture species into the existing sward to be grazed when kikuyu is 
dormant or has a lowered production (Botha, 2003). Within such a system, kikuyu 
provides pasture to grazing animals during summer and autumn and functions as a 
pasture base into which clover and/or ryegrass is established to provide winter and 
spring pasturage (Fulkerson and Reeves, 1996; Reeves, 1997; Botha, 2003; Botha, 
2009; Van der Colf, 2011). 
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Milk production under irrigation in the southern Cape of South Africa is primarily 
carried out on kikuyu-based pasture over-sown with annual and perennial ryegrass 
(Lolium spp.), perennial white- (Trifolium repens) and red clover (Trifolium pratense) 
(Botha et al., 2008a; Botha et al., 2008b; Van der Colf, 2011). The strategic 
incorporation of legumes and other grasses into a kikuyu pasture can increase the 
seasonal DM production (Botha et al., 2008a). 
 
Botha (2009) stated that the aim of over-sowing kikuyu with various temperate grass 
species or legumes is to: 
• increase the production of the areas under kikuyu during periods when kikuyu is 
dormant, 
• increase the forage quality of the kikuyu-based pasture and 
• enhance the palatability of kikuyu-based pasture. 
2.1.6.1 Time of over-sowing  
The time to over-sow kikuyu is based on the growth form of kikuyu, which in turn is 
based on the sensitivity of kikuyu to temperature (seasonal growth) and the manner 
in which energy reserves are stored in the roots (Fulkerson and Reeves, 1996). In 
order to minimise the competition with the over-sown seedlings, the optimum time for 
over-sowing kikuyu is when air temperature is below 15°C (Whitney, 1974a). This 
typically corresponds to over-sowing kikuyu pastures during autumn/winter to 
provide adequate fodder during winter and spring months when kikuyu is dormant 
(low production) (Willis, 1995; Fulkerson and Reeves, 1996; Botha, 2009). When 
earlier winter production is desired, kikuyu should be over-sown at an earlier stage 
and when this is done, more assertive management is required to suppress the 
growth of kikuyu (Fulkerson et al., 2010).  
2.1.6.2 Methods of over-sowing  
Prior to over-sowing, excess kikuyu material should be removed to reduce the 
competitiveness of kikuyu (Betteridge and Haynes, 1986). Methods to remove the 
excess kikuyu material include hard grazing with animals, using a forage harvester, 
mowing and mulching (Betteridge and Haynes, 1986). Other methods that can be 
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used to control the competitive ability of kikuyu include rotovation, chemical 
treatment with herbicides and burning the area (Willis, 1995).  
 
The following over-sowing methods are used in practice (Willis, 1995; Fulkerson and 
Reeves, 1996; Reeves, 1997; Botha, 2003; Botha, 2009; Van der Colf 2011): 
• Feeding ryegrass seed to cattle: 1 kg of seed is mixed with 1 000 kg of meal and 
fed to the animals throughout the year, the ingested seed is then spread through 
the dung. 
• Heavy grazing: seed is broadcast by hand prior to grazing and trampled into the 
soil by grazing animals. 
• Mowing of kikuyu: area is grazed, remaining material is cut with a slasher and 
removed. Seed is then over-sown with a planter. 
• Rotovation: area is grazed, rotovated and the seed sown into the seedbed prior 
to rolling the area. The disadvantage of this method is that it is a radical method 
and expensive, which can negatively influence the recovery/production of kikuyu 
in the following autumn.  
• Herbicide treatment: area is grazed and allowed to tiller before the chemical is 
applied (paraquat or glyphosate). After allowing for the appropriate withdrawal 
period of the chemical the area can be sown and animals can be used to trample 
the seed into the soil. 
• Mulching: there are two different methods that can be applied when using a 
mulcher. In the first method, the area is mulched after grazing and the seed is 
drilled into the soil using a planter. Alternatively the area is grazed, the seed 
broadcast onto the stubble, the stubble mulched and the area rolled.  
 
Botha (2003) compared the total seasonal annual DM production of a pure kikuyu 
sward and four different kikuyu-ryegrass systems based on different establishment 
methods (Table 8). There were no significant differences in the total annual 
production between the establishment methods, though the fifth method is 
recommended by Botha (2003). The reason for this is that this method did not 
require expensive implements and was identified as the most economic method of 
establishment for annual ryegrass.  
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Table 8 The total seasonal and annual dry matter production (kg DM ha-1) of a pure 
kikuyu sward and four different kikuyu-ryegrass systems based on different 
establishment methods (Botha, 2003). 
 Establishment method Winter  Spring  Summer Autumn Annual 
1 
Graze to 50mm 
Kikuyu 
1465 fgh 1465 fgh 3598 de 5288 abcd 12456 a 
2 
Graze to 50mm 
Mulcher 
Rotavator 
Disc 
Broadcast seed 
Landroller 
996 gh 2630 efg 4608 cd 5638 abc 13872 a 
3 
Graze to 50mm 
Spray glyphosate 
Mulcher 
Moore planter 
444 h 2630 efg 4608 cd 5638 abc 11956 a 
4 
Graze to 50mm 
Mulcher 
Moore planter 
938 gh 2302 efg 3684 de 6929 a 13858 a 
5 
Graze to 50mm 
Broadcast seed 
Mulcher 
Landroller 
1012 gh 2114 efgh 3811 de 6393 ab 13265 a 
 LSD (0.05) 1707.8 1 3120.2 2 
abc Means with no common superscript differed significantly. LSD (0.05) compares over and 
between rows LSD1: compares over seasons and treatments, LSD2: compares annual 
production. 
 
When a legume, such as clover, is over-sown into kikuyu there are management 
practises that should be considered to aid in successful establishment (Fulkerson 
and Reeves, 1996): 
• Eradicating the kikuyu mat (build-up of roots and rhizomes) that has formed. This 
can be accomplished by heavy grazing, spraying of an herbicide or the use of 
machinery such as a mulcher or rotavator.  
• When over-sowing legumes, the time of establishment is important to minimise 
the competition between kikuyu and the legume species. If establishment occurs 
too early, the kikuyu can potentially overshadow the legume seedlings, while 
delaying establishment too late can inhibit seedling growth. A soil temperature of 
19°C at 100 mm depth is ideal for the establishment of legumes such as clover, 
while temperatures below 18°C will lower the vigour of kikuyu growth. 
• When a legume is over-sown into kikuyu, management practices such as 
fertilizing and grazing should benefit the legume. 
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• Nitrogen application should be terminated three weeks prior to over-sowing and 
subsequent soil fertiliser management should be done according to the 
requirements of the legume.  
• After the legume seedlings have established and the kikuyu starts to regrow and 
exceeds a height of 50 mm, it is required to graze the kikuyu to prevent over-
shadowing (6 to 14 days).  
• After the legume has established the grazing frequency (6 to 14 days) need to be 
less frequent.  
2.1.6.3 The production potential of over-sown kikuyu 
Botha et al. (2008a) and Van der Colf (2011) reported on studies where kikuyu was 
over-sown with different ryegrass species and/or clover. These studies were 
conducted in different years (Study 1: 1999 until 2001 [Botha et al., 2009a] and 
Study 2: 2007 until 2009 [Van der Colf, 2011]) and are statistically not comparable, 
though they were carried out on the same site using the same camps. These two 
studies were carried out on Outeniqua Research Farm, Western Cape, South Africa. 
In study 1 the kikuyu westerwolds ryegrass treatment received 600 kg N ha-1 year-1 
in 10 applications of 60 kg N ha-1 year-1. Study 2 applied 550 kg N ha-1 year-1 in 10 
applications of 55 kg N ha-1. 
 
The total seasonal DM (kg DM ha-1 season-1) and total annual DM (kg DM ha-1 year-
1) production of two trials where kikuyu were over-sown with ryegrass or clover over 
two years, are shown in  
Table 9. The lowest annual total DM yield was produced by kikuyu-clover during the 
first year of growth in study 1. In study 2 the highest annual DM yield was produced 
by the kikuyu perennial ryegrass treatment.  
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Table 9 The total seasonal dry matter (kg DM ha-1 season-1) and total annual dry 
matter (kg DM ha-1 year-1) production of two trials where kikuyu was over-sown with 
ryegrass or clover over two years.  
Study 1 Winter Spring Summer Autumn Total 
Botha et al., 
2008a 
Kikuyu Westerwolds 
ryegrass 
Na 4878 5904 6183 16966 
Kikuyu clover 1st year 
growth 
Na 4902 5006 3395 13303 
Kikuyu clover 2nd year 
growth 
1787 3440 4875 4468 14570 
Study 2 Winter Spring Summer Autumn Total 
Van der Colf, 
2011 
Kikuyu Westerwolds 
ryegrass 
3190 4461 6465 2473 16461 
Kikuyu Italian ryegrass 3188 5527 5273 2252 16123 
Kikuyu perennial 
ryegrass 
2679 5364 6212 2894 17143 
2.2 Lucerne 
Lucerne (Medicago sativa) is a resilient, summer-growing, temperate (C3), perennial 
legume species (Durand, 1993; McDonald et al., 2003). It is superior to many other 
forage crops due to its wide adaptability, high production and palatability. The 
nutritional value of lucerne under different environmental conditions can be 
maintained throughout the year (Keftasa and Tuvesson, 1993, Bullen et al., 2002). 
Its adaptability ranges from temperate, Mediterranean and to subtropical areas 
(Leach, 1978). It was found that lucerne has the ability to conserve soil, it is water 
use efficient and has the ability to fix soil N (McDonald et al., 2003; Touil et al., 
2009). Therefore, lucerne has become the most popular legume grown for livestock 
feeding in many parts of the world (McDonald et al., 2003; Touil et al., 2009). 
 
The first lucerne documented was during 1858 to 1961 and was cultivated in the Hex 
River area of the Worcester district in the Western Cape of South Africa (Phillips and 
Miles, 1996). It was mainly cultivated under irrigation but since the 1950’s lucerne 
was also cultivated under dry land conditions (Phillips and Miles, 1996). As a 
perennial legume, well managed lucerne can, under favourable climatic and soil 
conditions, be persistent for 10 to 20 years (De Kock and Birch, 1978b). Currently 
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lucerne is widely planted across South Africa, not only for its good quality feed, but 
also because it is adaptable to different climatic regions (Durand, 1993).  
2.2.1 Plant morphology 
A lucerne plant consists of three distinct structures namely shoots, crown and a root 
system (Figure 2). Root lengths of three to five metres are common, with lucerne 
roots reaching depths of 10-12 metres under favourable conditions (De Kock and 
Birch, 1978b; Tonmukayakul, 2009). Soil depth and the level of the water table 
determine potential root depths (De Kock and Birch, 1978b). Due to the deep root 
system, established lucerne plants can tap into subsoil water not available to 
shallower rooted pastures. Because of lucerne’s effective root system, it is more 
drought tolerant than other shallow rooted pasture species (Tonmukayakul, 2009). 
De Kock and Birch (1978b) found that even though lucerne has a deep root system 
that can reach up to three metres deep, 60% of lucerne’s roots are in the top 0.75 m 
of the soil. The deep root system also offers some advantages in that it can absorb 
nutrients, such as phosphorus (P) and sulphur (S) below the depth from which they 
can be absorbed by companion shallow-rooted species (Leach, 1978).   
 
 
Figure 2 A lucerne plant showing the distinction between shoots, crown and taproot 
(Fourie, 2014).  
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The part of the lucerne plant just above the soil surface is known as the crown and 
consists of the top part of the taproot and a number of short stems (Pembleton, 
2010). Lucerne crowns enlarge with age, particularly in low density swards, but they 
do not split into separate plants (Leach, 1978). As a result the persistence of the 
lucerne pasture depends on the survival of the original plant and it is important that 
the crown of the plant should not be damaged (McDonald et al., 2003; Pembleton, 
2010). Crown morphology differs between the dormancy groups, with winter-dormant 
cultivars having broader and lower set crowns compared to winter-active cultivars 
(Castonguay et al., 2006; Humphries et al., 2006). The lower set crowns are more 
protected than the higher set crowns. Due to the placement of the crown the winter-
dormant cultivars have the ability to be more persistent under grazing compared to 
the winter-active cultivars (Bullen et al., 2002; Humphries et al., 2006; Humphries, 
2008). 
  
After lucerne is defoliated new shoots originate from two areas on the plant, namely 
from the buds on the crown or from the nodes on the remaining stems (McDonald et 
al., 2003; Pembleton, 2010). Bud development is restricted by severe drought, low 
temperatures or heavy grazing (Leppan, 1924). Buds increase in number as the 
plant ages resulting in increased shoot development (Leppan, 1924). Vance et al. 
(1979) found that the shoots of the lucerne plant regrow slowly until day 12, after 
which shoot growth increases. From day 13 – 22 shoot weight increases until the 
maximum shoot weight is reached.  
 
Lucerne leaves are carried on upright stalks (Pembleton, 2010). Lucerne leaves vary 
from slightly hairy to smooth and are trifoliate (made up of three leaflets). Each leaf is 
wedge-shaped, with the central leaf on a slightly longer stalk. The colour of the 
flower varies from almost white to violet and deep purple, and is found in loose 
clusters at the top of the stem (Figure 3) (Cameron, 1968) 
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Figure 3 Lucerne flower and seed pods (Fourie, 2014). 
 
Seed pods are loosely coiled with two to four turns (Figure 3), containing two to six 
yellow seeds that are generally kidney-shaped (Cameron, 1968).  
2.2.2 Activity classes and dormancy groups 
Lucerne cultivars are grouped into activity classes and dormancy groups. Activity 
classes are based on specific growth traits affected by day length and seasonal 
temperatures (Leach, 1971; Bullen et al., 2002). There are 11 different activity 
classes and they are ranked on a numerical scale from 1 to 11. Activity classes are 
defined according to their autumn and winter growth rates and more specifically on 
the rate of shoot elongation during the late autumn (Phillips and Miles, 1996; Teuber 
et al., 1998; Humphries and Hughes, 2006; Humphries, 2008). The level of winter 
dormancy decreases as the activity class progresses from 1 to 11, with class 1 
highly winter-dormant and 11 highly winter-active (Bullen et al., 2002). 
 
Once cultivars have been grouped into an activity class, they are allocated into one 
of five dormancy groups. In various papers, authors have grouped the activity 
classes into different dormancy groups (Durand, 1993; Oberholzer et al., 1994; 
Bullen et al., 2002, McDonald et al., 2003; Humphries and Hughes, 2006; 
Humphries, 2008).  
 
The dormancy groups are described as follows:  
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2.2.2.1 Winter-dormant 
Cultivars from the winter-dormant group are not generally available in South Africa 
as this group is specifically adapted to withstand long periods of low temperatures 
(snow/frost) (Smith, 2012). This group has a distinct dormant period, which is 
triggered by day length. There is very little production during the winter months 
(Bullen et al., 2002), but production picks up again during the spring, summer and 
autumn months as temperatures and/or day length increases (Oberholzer et al., 
1996a).  
2.2.2.2 Semi-winter dormant 
The semi-winter dormant group has a shorter dormant period during the winter when 
compared to the winter-dormant group. As such, cultivars in this group have a higher 
winter production than the winter-dormant group. They also have broader crowns 
that are leafier than those of the winter-dormant group (Bullen et al., 2002; 
Humphries and Hughes, 2006). Peak production is reached during spring and 
summer, with the lowest production observed in late autumn and winter (Durand, 
1993). In comparison with the winter-active groups, the semi-winter dormant group 
has a lower production during the first year of establishment. However, by the third 
year after establishment the production of the semi-winter dormant stabilises to such 
a degree that it is similar to the winter active group (Oberholzer et al., 1996a).   
Weeds are particularly problematic during the first year of establishment, further 
suppressing production (Oberholzer et al., 1996a). Cultivars in this group are 
referred to as grazing type lucerne (Phillips and Miles, 1996). 
2.2.2.3 Intermediate-winter dormant 
Intermediate-winter dormant cultivars have the same growth pattern as cultivars in 
the semi-winter dormant group, but with a higher winter DM production (Durand, 
1993; Bullen et al., 2002). The intermediate-winter dormant group is regarded as 
dual purpose and can be used for both grazing and hay making (Oberholzer et al., 
1996a; Phillips and Miles, 1996).  
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2.2.2.4 Winter-active 
The production of winter-active cultivars decreases during autumn and winter but 
never ceases. It is usually grown for hay making purposes (Oberholzer et al., 1996a; 
Phillips and Miles, 1996; Bullen et al., 2002). Cultivars in the winter-active group are 
not as sensitive to day length, in comparison to cultivars in the other dormancy 
groups, as long as temperatures remain moderate (Bullen et al., 2002). This group 
tends to be most productive during the first three years of establishment and have 
more vigorous seedlings (Phillips and Miles, 1996).  
2.2.2.5 Highly winter-active 
Compared to the other four dormancy groups, cultivars in the highly winter-active 
groups have the highest production during autumn and winter (Oberholzer et al., 
1996a; Bullen et al., 2002). This group is mainly used for hay-making and is sensitive 
to grazing (Oberholzer et al., 1996a; Phillips and Miles, 1996). Pembleton (2010) 
found that cultivars in this group are most sensitive to environmental conditions and 
are best adapted to environments with high production potential. Highly winter-active 
cultivars, activity class 11, have been under development since 2005. Since this time 
they have been bred to have higher production under lower temperatures, in 
comparison to the other dormancy groups (Smith, 2012). 
2.2.3 Characteristics of dormancy groups 
Dormancy groups have specific characteristics regarding their crown height and 
tillering in relation to the soil surface (Bullen et al., 2002). Highly winter-active 
cultivars have higher crowns relative to the soil surface, but have fewer tillers and 
are therefore less dense compared to winter-dormant cultivars that have a lower 
crown that produces more tillers (Bullen et al., 2002; Pembleton, 2010). Winter-
active cultivars are generally used for hay making, as the higher crown means that 
the growth points could be damaged if animals were to graze them. On the other 
hand, winter-dormant cultivars can be used for grazing as the growth points are less 
prone to damage by grazing animals due to the lower crown (Pembleton, 2010). 
These factors are essential to maintain persistence of pastures based on this 
dormancy group. However when high quality winter-feed production is required and 
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persistence is not important, winter-active cultivars could be used for grazing (Bullen 
et al., 2002; Pembleton, 2010).  
 
The seasonal DM production, as affected by dormancy groups, will determine the 
role in a fodder flow system (Humphries, 2008; Pembleton, 2010). The highly winter-
active and winter-active dormancy groups, generally referred to as hay types, are 
more productive during winter, compared to the winter-dormant and semi winter-
dormant dormancy groups, generally referred to as grazing types (Humphries, 2008; 
Pembleton, 2010). Winter-dormant dormancy groups are also more persistent under 
grazing when compared to the winter-active dormancy groups (Phillips and Miles 
1996).  
 
Winter-dormant and semi-winter dormant groups are able to become dormant during 
periods of unfavourable environmental conditions (McDonald et al., 2003). 
Unfavourable environmental conditions include drought, grazing, pests, diseases, 
unfavourable temperatures and shortages of soil nutrients. Growth will be reinitiated 
once environmental conditions become favourable again (McDonald et al., 2003).   
 
The various cultivars, ranked according to activity class and dormancy groups that 
are currently available in South Africa, are shown in Table 10.   
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Table 10 Commercially available lucerne cultivars in South Africa categorised 
according to winter dormancy groups (SA variety list, 2014; Botha and Van der Colf, 
2014).  
Activity 
class 
1-3 4 & 5 6 & 7 8 & 9 10 &11 
Dormancy 
group 
Winter 
dormant 
Semi-winter 
dormant 
Intermediate-
winter dormant 
Winter-active 
Highly winter-
active 
Cultivars 
Alfagraze 
(2) 
Prosementi 
(5) 
Sardie 5 (5) 
WL 357 HQ 
(5/6) 
Venus (5) 
Aurora (6) 
Magna 601 
(6) 
Panluc26 (6) 
SA Standard (6) 
SA Select (6/7) 
Aurora (7) 
Bar 7 (7) 
GEA (7) 
Genesis (7) 
Genesis 2 (7) 
HL7 (7+) 
Icon (7) 
L70 (7) 
Sardi 7 (7) 
Super Aurora 
(7) 
Verko (7) 
WL 414 (7) 
WL 320 (7) 
WL Southern 
Special (7) 
KKS 3864 (7) 
KKS 9595 (7.5)  
Marina (7/8) 
BAR 9242 
(8.5) 
Magna 804 (8) 
PAN 4884 (8) 
Sigma (8) 
Siriver (8) 
Super Siver (8) 
WL 525 HQ (8) 
Aquarius (8) 
Pegasis (8/9) 
Blue ace (9) 
HL9 (9) 
HL6 (9) 
KKS 9911 (9) 
Magna 995 (9) 
PAN 4961 (9) 
Sardigrazer (9) 
Sequel (9) 
Super Sequel 
(9) 
Supercuf (9) 
Supersonic (9) 
Superior II (9) 
Topaz (9) 
WL 612 (9) 
WL 625 HQ (9) 
WL 903 (9) 
Cuf 101 (9) 
Hybriforce 800 
(9) 
PAN 4956 (9) 
Robusta (9) 
AGS alfa (10) 
Alfamaster10 
(9/10) 
Bar10 (10) 
KKS 7000 (10) 
ML99 (10) 
Sardi 10 (10) 
WL 711 (10) 
WL 712 (10) 
WL 1111 (11) 
Q31 (10/11) 
2.2.4 Nitrogen fixation  
Lucerne, as a legume, forms a symbiotic relationship with a soil bacterium, 
Rhizobium meliloti, which enables the plant to fix atmospheric N (Douglas, 1986; 
McDonald et al., 2003). This bacterium forms nodules on the roots of lucerne. The 
enzyme, nitrogenase, converts atmospheric dinitrogen (N2) to ammonia (NH3) in the 
root nodules (Unkovich, 2012). This enables the plant to maintain high CP levels and 
results in a progressive improvement of the N status of the soil with time (McDonald 
et al., 2003; Unkovich, 2012). The soil N status is maintained or improved when 
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lucerne is grazed or harvested, as grazing causes some of the roots to die, which 
then releases the N in the nodules back into the soil (Vance et al., 1979). The 
amount of N fixed by nodules on lucerne roots is directly proportional to the amount 
of herbage that is grown (McDonald et al., 2003; Moot. 2012). Under ideal 
conditions, 15 – 25 kg N is fixed for every ton DM lucerne herbage produced 
(McDonald et al., 2003). It has been reported that a lucerne sward can add in excess 
of 140 kg N ha-1 year-1 to the soil (Gault et al., 1995; McDonald et al., 2003). The 
amount of N that lucerne produces through nitrogen fixation is sufficient to ensure 
optimum lucerne production (Phillips and Miles, 1996). When soil moisture is limiting, 
lucerne will fix more N annually when compared to white clover pastures (Moot, 
2012). Lucerne and grass mixed pasture maintains N-status opposed to unfertilized 
grass pasture, where soil N declines through time (Cameron et al., 1990). 
 
The capacity of lucerne to contribute fixed N to the soil is not restricted only to the 
topsoil but it can also distribute the N to lower lying layers of the soil profile (Gault et 
al., 1995). To get the maximum benefit from N-fixation of the lucerne sward, the 
sward must be dense, inoculated with the correct Rhizobium bacteria, relatively 
weed free, rotationally grazed and maintained in a healthy condition with minimal 
pests and diseases (Peoples and Baldock, 2001; McDonald et al., 2003). 
2.2.5 Production potential of lucerne   
The production potential of lucerne depends on the type of management system 
applied. For example, irrigated versus dry land pasture systems or lucerne versus 
lucerne grass mixed swards (Bullen et al., 2002; McDonald et al., 2003; Pembleton, 
2010). The different dormancy groups also have an effect on the seasonal 
production potential during winter and spring (Leppan, 1924; Bullen et al., 2002).  
 
The monthly growth rates of four lucerne dormancy groups evaluated at two different 
sites in Australia are illustrated in Figure 4 (Bullen et al., 2002). There was a clear 
difference in growth rate between the two sites, regardless of dormancy group. This 
illustrates the effect of different environments on the growth rates of a lucerne 
cultivar. All four dormancy groups had decreased growth rates during the colder 
months of winter and spring and an increase in growth rates when the temperatures 
were higher during summer and autumn. However, certain dormancy groups perform 
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better in terms of growth rate (kg DM ha-1 day-1) during the colder winter months. 
During this study it was found that the highly winter-active lucerne group (classes 8-
11) reached a height of 70 cm during spring and a height of 40 cm in winter, whereas 
the highly winter-dormant lucerne group (class 0-2, not available in SA) had a spring 
height of 30 cm and reached a height of only 5 cm during the winter (Humphries and 
Hughes, 2006). As such, the winter-dormant lucerne group produced 70% of the 
annual production during the summer months (Bullen et al., 2002; Humphries and 
Hughes, 2006). 
 
 
Figure 4 Growth patterns of four different lucerne dormancy groups at two different 
locations (Gatton and Biloela) in Australia, (Illustration from Bullen et al., 2002).  
 
Cited literature in Table 11, Table 12 and Table 13 shows variation in DM production, 
which makes comparison between studies difficult. The daily growth rates of lucerne 
cultivars are shown in Table 11. The growth rates ranged from 30.6 kg DM ha-1 day-1 
during winter to 185 kg DM ha-1 day-1 during summer when lucerne pasture is 
irrigated. As a result of the different daily growth rates, the seasonal production rates 
vary as shown in Table 12. Seasonal production ranged from 421 kg DM ha-1 during 
winter to 8535 kg DM ha-1 during summer. Irrespective of the broad range of sites, 
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cultivars and management apparent in Table 11 and Table 12, all studies showed 
that lowest production for lucerne occurs during winter, with peak production 
distributed primarily during spring/summer. As can be seen in Table 13 the annual 
production of lucerne can vary between 12.5 – 26.1 t DM ha-1 year-1. Kelly et al. 
(2005) found that lucerne has different annual production depending on the 
availability of water and management practices. When comparing the annual 
production, lucerne cultivated on dry land had an annual production in the range of 
14.3 to 21.3 t DM ha-1 year-1 whereas the irrigated lucerne had a range between 12.5 
to 26.1 t DM ha-1 year-1 (Table 12). 
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Table 11 Daily growth rates (kg DM ha-1 day-1) of lucerne cultivars. 
Reference  Country Dormancy Cultivar 
Irrigated/ 
dry land 
Harvest 
frequency 
Season / 
Month 
kg DM ha-1 day-1 
Baars et al., 1990 
Wairakeri, 
Winchmore, New 
Zealand 
Winter dormant Wairau Irrigated 8 week Summer 136 – 185 
Baars et al., 1990 
Cantebury, New 
Zealand 
 
-  - Irrigated - 
September 
October 
November 
December 
January 
February 
March 
76 
87 
112 
100 
77 
105 
65 
Brown et al., 
2003 
Lincoln University 
Field, New 
Zealand 
Grazing type Kaituna Dry land Bud stage  
Dec – Jan 
(summer) 
Feb Summer/ 
autumn 
March – May 
Autumn 
 
90 
 
40 
 
20 
Kelly et al., 2005 
Australia, 
northern Victoria  
- Validor Irrigated 
Early flowering 
(10% bloom) 
Autumn 140  
Tonmukayakul, 
2009 
New Zealand, 
Canteburry 
Grazing type Kaituna Dry land 21-61 days 
September-
October 
November 
December - 
January 
 
74 
100 
 
75 
Murphy et al., 
2010 
New South Wales 
Australia 
Winter semi 
dormant 
- Irrigated - - 50 – 77  
Badenhorst, 
2011 
South Africa, 
southern Cape 
Winter dormant 
SA 
standard 
Irrigated 6 Weeks 
Year 1 -4 
Winter  
Spring 
Summer 
Autumn 
 
31 – 32 
37 – 69 
73 – 81 
25 – 66 
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Table 12 Seasonal production (kg DM ha-1) of lucerne cultivars. 
Reference Location Dormancy group Cultivar 
Irrigated/ 
dry land 
Harvest time Season kg DM ha-1 
McQueen and 
Baars (1980 
New Zealand\ 
various sites 
Winter dormant Wairau -  Bud stage 
Winter (Aug) 
Early spring (Oct) 
Late spring (Dec) 
Summer (Jan) 
Early Autumn (Mar) 
544 
2840 
3834 
3155 
 
3432 
Botha, 1994 
Western Cape, 
South Africa 
-  
Mean 
production 
Of various 
cultivars 
Dry land 6 weeks 
Winter  
Spring 
Summer 
Autumn 
421 
505 
829 
764 
Greenwood et 
al., 2006 
Australia, 
Shepparton in 
northern Victoria 
-  -  Irrigated 
Summer 4 – 5 
weeks 
Autumn/Spring 
5 – 6 weeks 
Winter 
Summer 
1 t 
12 t 
Tonmukayakul, 
2009 
New Zealand, 
Canteburry 
Grazing type Kaituna Dry land 21-61 days 
Spring 
Summer 
Autumn/Winter 
8730 
4579±368 
962 
Badenhorst, 
2011 
South Africa, 
southern Cape 
Winter dormant 
SA 
standard 
Irrigated 6 Weeks 
Year 1 – 4 
Winter  
Spring 
Summer 
Autumn 
 
2300 – 2550 
3226 – 6004 
5576 – 8535 
879 – 5189  
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Table 13 Annual production (t DM ha-1 year-1) of lucerne cultivars. 
Reference  Country Dormancy Cultivar 
Irrigated/ 
dry land 
Harvest time Time period t DM ha-1 year-1 
McQueen and 
Baars, 1980 
New 
Zealand\various 
site 
Winter dormant Wairau -  Bud stage - 10.8 – 14.3  
Van Heerden, 
1986b 
Western Cape, 
South Africa 
Inter mediate 
dormant 
SA 
Standard 
Irrigated 6 Weeks Year 1 18.0 
Slarke and 
Mason, 1987 
Kaybram, Victoria 
Winter active  
 
Semi-winter 
dormant 
 
Winter dormant 
CUF 101, 
PB 572 
 
PB 581 
 
 
PB 545 
Irrigated Pre bloom - 
17.4 – 18.7 
 
 
17.5  
 
15.7  
Brown et al., 
2003 
New Zealand, 
Lincoln University 
Field. 
Grazing type Kaituna Dry land Bud stage  Year 1 - 5 21.3-17.5  
Kelly et al., 2005 
Australia, northern 
Victoria  
- Validor 
Irrigated 
(40, 80, 
120mm) 
Early flowering 
(10% bloom) 
Year 1  
Year 2 
19.2 – 19.9 
20.9 – 21.4  
Greenwood et 
al., 2006 
Australia, 
Shepparton in 
northern Victoria. 
- - Irrigated 
Summer 4 – 5 
weeks 
Autumn/Spring 
5 – 6 weeks 
Year 1 
 
Year 2 
20.5   
 
26.1  
Tonmukayakul, 
2009 
New Zealand, 
Canteburry 
Grazing type Kaituna Dry land 21-61 days 
Oct 2008-June 
2009 
14.3 
Murphy et al., 
2010 
North-West Slopes 
of New South 
Wales 
Winter semi 
dormant 
- Irrigated - - 12.5  
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2.2.6 Nutritive value of lucerne 
2.2.6.1 Dry matter content 
Dry matter content is the portion of dry material in the feed when all the moisture is 
removed. Dry matter content is expressed as a percentage of total sample weight 
(Lattimore, 2008). In a study by Van Heerden (1986b) the DM content of lucerne at 
various defoliation frequencies in the winter rainfall region of South Africa was 
investigated. It was found that as the defoliation frequency decreased from 2 to 10 
weeks, the DM content increased from 17% to 25% (Van Heerden, 1986b). The 
increase in DM content as grazing interval increases is due to the increase in stem 
lignin content as the plant ages (Albrecht et al., 1987). The DM content of lucerne 
also varies according to the season. Botha (1994) found the DM content of lucerne 
pastures was 22.5%, 53.1%, 35.7% and 31.7% during spring, summer, autumn and 
winter, respectively.  
2.2.6.2 Crude protein content 
The CP content of feed is calculated from the amount of N in the sample (N x 6.25 = 
CP) (McDonald et al., 2002). There are two main factors that affect the CP content of 
lucerne pastures, namely the stage of growth and the leaf to stem ratio due to the 
different levels of N in each of these components (Kilcher and Heinrichs, 1974; 
Tyrolová and Výborná, 2008). In addition, the leaf to stem ratio also differs at various 
stages of growth, which further compounds the effect of growth stage on the CP 
content of lucerne (Terry and Tilly, 1964; Ward and Moot, 2009).  
 
The leaves of a lucerne plant have a higher CP content of between 21.8% and 
23.9% compared to the stems, which only have a CP content of 9.6% to 13.4% (Ball 
et al., 2001). Kilcher and Heinrichs (1974) investigated the N content of lucerne 
leaves and stems, as well as the leaf and stem production, over an 8 week period in 
Canada (Figure 5). They converted the N content to the equivalent CP content. They 
concluded that the CP content of lucerne leaves at no point fell below 23%, while the 
CP content of the stems was in the range of 18% to 23% during the study period.  
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Figure 5 A: Percentage N in the leaves and stems of lucerne throughout an 8 week 
growing period B: Dry matter yield of lucerne (whole plant, stem and leaves) through 
an 8 week growing period (Kilcher and Heinrichs, 1974). 
 
Kilcher and Heinrichs (1974) found that after 8 weeks of growth the stems made up 
60% and leaves 40% of the total yield. In a more recent study by Tyrolová and 
Výborná (2008) carried out in Prague, Czech Republic, similar results were found for 
CP content and leaf to stem percentages. The leaf to stem ratio was higher before 
the bloom stage compared to after the bloom stage when the leaf percentage 
decreased from 50% to 44% (Tyrolová and Výborná, 2008). Figure 6, showing data 
from a study conducted by Radcliffe and Cochrane (1970) in Australia is another 
clear example of how the CP content of lucerne declines as the age of the pasture 
increases. This is due to the different CP content of the leaves and stems and the 
change in the ratio of the leaves and stems as the plant ages.  
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Figure 6 The CP content (%) of lucerne as the plant ages from week 1 to 14 
(Radcliffe and Cochrane, 1970). 
 
Table 14 presents the CP content of lucerne at different growth stages as 
determined in different studies. The CP content of lucerne ranged between 14.1% 
and 26.5%, depending on the stage of growth. The data presented in this table 
illustrates how the stage of growth at which lucerne is cut or grazed can affect the 
CP content of the pasture, with a general trend apparent for a decline in CP from 
pre-flowering to flowering. Although CP content is high during the early vegetative 
stage it is not recommended to utilise lucerne by grazing or harvesting during this 
stage, as DM production will be sacrificed and persistence negatively affected 
(Bullen et al., 2002). 
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Table 14 The crude protein (CP) content (%) of lucerne herbage at different growth 
stages. 
Reference Stage of growth CP %  
Slark and Mason, 1987 
Pre Flower bud 
Flower bud 
10% Bloom 
Full Bloom 
24 
22 
20 
18 
Phillips and Miles, 1996 Bloom 14 
McDonald et al. 2002 
Pre-bud 
In-bud 
Early flower 
25 
21 
17 
Bullen et al., 2002 
Early vegetative 
Mid flower 
23 
17 
Tyrolová and Výborná, 2008 
Small buds 
Large buds 
Flower 
After flower 
22 
20 
17 
15 
Bozickovic, 2012 
In-bud 
Flower 
27 
17 
 
Lucerne meets the daily CP requirements of a small breed dairy cow (NRC, 2001). 
When the daily CP intake of a dairy cow is increased by 1% it would be expected to 
increase the milk yield by 0.35 kg d-1 (NRC,2001). 
2.2.6.3 Carbohydrate content of lucerne  
(i) Non-structural and water soluble carbohydrates  
The average NSC (sugars and starch) of a lucerne plant is between 25% and 35% 
(Putnam, 2000). As a lucerne plant ages from pre-bud stage to bloom stage the fibre 
content increases (Ball et al., 2001).  
 
Water soluble carbohydrates and starch reserves decrease when lucerne is 
frequently defoliated (Lawson et al., 1998; Lawson et al., 2000). These reserves are 
important for regrowth and production after defoliation. Thus, a higher initial level of 
reserves results in a more rapid regrowth after defoliation (Danckwerts and Gordon, 
1990; Lawson et al., 2000), while a depletion of reserves will gradually result in poor 
recovery following grazing. 
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(ii)  Neutral detergent fibre 
Structural carbohydrates are quantified by determining neutral detergent fibre (NDF) 
and acid detergent fibre (ADF) of feed. Neutral detergent fibre is the total fibre 
content of the feed (NRC, 2001). The NDF content will influence lucerne pasture 
intake, with a lower NDF content associated with an increase in voluntary intake 
(Lattimore, 2008). Whereas ADF is the cellulose and lignin content (Ball et al., 2001). 
Acid detergent fibre represents the less digestible fibre in the feed and forms part of 
the NDF component. A lower ADF content results in a higher feed quality (Lattimore, 
2008). The NDF content of lucerne leaves and stems ranges from 25.9% to 27.7% 
and 52.6% to 67.8%, respectively (Collins, 1988). Vasiljevic et al. (2009) found that 
the overall NDF content of lucerne ranges from 42.2% to 50.8%.  
 
In a milk production study by Meeske et al. (2006), carried out in the southern Cape 
of South Africa, seasonal fluctuations in lucerne NDF content were determined. It 
was found that the seasonal NDF of lucerne pasture was 41.7%, 43.0%, 37.1% and 
41.0% for summer, autumn, winter and spring, respectively. In a more recent study 
by Badenhorst (2011), also carried out in the southern Cape of South Africa, 
seasonal NDF levels of lucerne were 33.2%, 35.0%, 30.5% and 37.2% for summer, 
autumn, winter and spring, respectively. Similarly, Greenwood et al. (2006) found the 
annual NDF content of lucerne to range over all seasons from 21.6% to 40.5%, 
during an investigation in Australia. From the above studies, it can be expected of 
lucerne NDF contents will show seasonal fluctuations. It is also expected that the 
minimum daily NDF requirements of a lactating dairy cow (30%) will not be met when 
high quality, low NDF lucerne pasture is the only roughage source in the diet (NRC, 
2001). 
2.2.6.4 Metabolisable energy 
Metabolisable energy (ME) describes the energy value of the feed that is digestible; 
this value excludes the energy lost to urine and methane production (McDonald, 
2002). Metabolisable energy is expressed in mega joules (MJ) of energy per kg of 
DM (MJ kg-1 DM). Feed must contain sufficient energy for maintenance and/or 
production of the animal utilising it (Lattimore, 2008).  
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As the plant ages the ME content of lucerne decreases and it has been found to be 
as high as 10.0 MJ ME kg-1 DM at an early vegetative stage decreasing to only 8.9 
MJ ME kg-1 DM during the mid-bloom stage (Bullen et al., 2002). Similar findings by 
McDondald et al. (2002) showed that the ME content was 10.2 MJ ME kg-1 DM 
during the pre-bud stage and decreased to 8.2 MJ ME kg-1 DM during the bloom 
stage. Homolka et al. (2012) also found similar results with the decrease of ME as 
the lucerne plant ages. They stated that a decrease in ME of lucerne is also due the 
progress of the season that relates to growth rate.  Thus, the ME content of lucerne 
decreases as the growing seasons (spring, summer) progresses (Homolka et al., 
2012). The ME content of lucerne thus responds similarly to the CP content as 
pertaining to growth stage and leaf to stem ratio. Overall the annual ME content of 
lucerne can range between 8.2 and 11.6 MJ ME kg-1 DM (McDondald et al., 2002; 
Brown and Moot, 2004; Greenwood et al., 2006; Mills and Moot, 2010). A dairy cow 
weighing 550 kg and producing 15 kg milk a day, containing 38 g fat and 34 g protein 
kg-1 requires 14.6 MJ ME kg-1DM day-1(McDonald et al., 2002). Therefore, the ME 
content of lucerne is too low for a lactating cow and lucerne pasture alone will not be 
able to sustain milk production.  
2.2.6.5 Calcium and phosphorus content 
The growth stage of lucerne affects the Ca content (%) of the herbage (Lattimore, 
2008). In a study done by Keftasa and Tuvesson (1993), it was found that the Ca 
levels of lucerne ranged from 1.58% to 2.05%. Bryant et al. (1983) found in their 
study that the Ca conent of lucerne ranged between 1.26% to 1.65%. In a study 
done by Leach (1983) a lower Ca content were found which ranged from 1.02% to 
1.24%. The Ca levels of lucerne and white clover are higher compared to other 
fodder crops as shown in Table 15. 
 
The P levels of lucerne can range from 0.25% to 0.45% (Leach, 1983, Bryant, et al., 
1983; Keftasa and Tuvesson, 1993). As shown in Table 15, lucerne has a P level 
lower than kikuyu and white clover (Miles and Manson, 2000).  
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Table 15 Concentrations of Ca and P and Ca:P ratios in 4 to 6 week old regrowth of 
high yielding pastures (Miles and Manson, 2000). 
Fodder Calcium (%) Phosphorus (%) Ca:P 
Italian ryegrass 
Tall fescue 
Eragrostis curvula 
Kikuyu 
White clover 
Lucerne 
0.49 
0.28 
0.21 
0.25 
1.76 
0.98 
0.29 
0.23 
0.16 
0.35 
0.32 
0.26 
1.7 
1.2 
1.3 
0.7 
5.5 
2.8 
 
Animal requirement for Ca and P is often expressed as a Ca:P (McDonald et al., 
2002). The lowest tolerable Ca:P ratio recommended for dairy cattle is 1:1 and the 
recommended ratio is 1.6:1 (Miles et al., 1995; NRC, 2001). In Table 15, the ratio of 
different pastures is shown. Kikuyu has the lowest Ca:P ratio of 0.7:1 between all the 
different pastures whereas lucerne and white clover has a higher Ca:P ratio of 2.8:1 
and 5.5:1 (Miles and Manson, 2000). 
2.2.7 Factors affecting lucerne production 
2.2.7.1 Temperature 
Temperature influences the seasonal production of lucerne (Leach, 1978; Durand, 
1993). The optimum ambient temperature for lucerne establishment is between 15°C 
and 25°C (Lattimore, 2008). Seed germination can occur at ambient temperatures 
between 5°C and 37°C, but seedling growth is very slow at extreme temperatures 
(Lattimore, 2008). According to Fick et al. (1988) the optimal temperatures for 
seedling growth is 27°C and as the seedlings develop the optimal ambient 
temperature decreases to 22°C. Lucerne grows optimally at an average ambient 
temperature between 21°C to 25°C during the day, with night temperatures ideally a 
few degrees lower (Brown et al., 1972; Greenfield and Smith, 1973). 
 
When average night temperatures are above 20°C for several days and day 
temperatures above 30°C, it can lead to a decline in growth rate (De Kock and Birch, 
1978a). When temperature exceeds 40°C over a long period, a decline in production 
can occur (Robinson and Massengale 1968). High temperatures decrease 
photosynthesis and increase respiration rate, leading to lower growth rates (Feltner 
and Massengale, 1965; Robinson and Massengale, 1968; De Kock and Birch, 
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1978a). These high temperatures also result in a decrease in soluble carbohydrate 
levels in the roots and crown of the lucerne plant, especially during the night 
(Robinson and Massengale, 1968; Wilson et al., 1991). An increase in average day 
and night temperatures, over a long period, affects the quality of lucerne negatively 
by increasing maturity (Marten, 1970). Temperatures of less than 20°C depress 
growth and slow down the flowering of the plant, influencing grazing or harvesting 
(Greenfield and Smith, 1973).  
 
Soil temperature can increase above that of the air temperature when a lucerne field 
has been heavily grazed. This increase in soil temperature can negatively influence 
regrowth and thus a decrease in production might occur (Pulgar and Laude, 1974).  
2.2.7.2 Light 
Light intensity has an influence on the growth and production potential of lucerne 
(Botha, 1994). Lucerne grows rapidly in a warm, dry area with a high light intensity 
and when optimum soil moisture content is maintained (De Kock and Birch, 1978a). 
The growth rate of lucerne decreases as the light intensity declines from 75% to 50% 
of the total daylight (Christian, 1977).  
 
Day length, in combination with temperature, impacts lucerne growth and production 
in a number of ways (Carlson, 1965, Wolfe and Blaser, 1971): 
• Day length influences the rate of stem growth and in turn increase or decrease 
DM production. 
• Winter dormant varieties, specifically, display lower growth rates during periods of 
short day length and lower temperatures. 
• Leaf and flower development is more rapid under longer day length and higher 
temperatures. 
• As the day length decreases the number of stem sites on the roots increase. 
2.2.7.3 Water 
Lucerne has a taproot system that can reach up to 4.5 m deep, enabling it to gain 
access to lower soil water tables (Tonmukayakul, 2009). Therefor lucerne is more 
drought tolerant than other forage species with shallow root systems (Phillips and 
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Miles, 1996; Charlton and Stewart, 1999; Brown et al. 2003; McDonald et al., 2003). 
Irrespective of the wide acceptance that lucerne is drought tolerant, lucerne still 
requires an average of 1200 mm water per annum for optimal production (De Kock, 
1978; Cameron et al., 1990; Oberholzer et al., 1996b; Tonmukayakul, 2009).  
 
Water-use efficiency is the ratio of total DM production to total water input (kg DM 
ha1 mm-1 of water used per annum) (Moot, 2012). Tonmukayakul (2009) found that 
lucerne had higher water use efficiency and produced 20.6 kg DM ha-1 mm-1 annum-1 
when compared with grasses and grass/clover mixtures that ranged between 8.5 to 
10.2 kg DM ha-1 mm-1 annum-1. He also found that during summer months, when 
water stress occurred, lucerne had the highest mean growth rate at 2.4 kg DM ha-1 
day1 compared to grass based pastures that produced 0.7 – 1.1 kg DM ha-1 day-1. 
Lucerne produced higher DM during summer when drought occured with a 
production of 4570±368 kg DM ha-1 compared to grass based pasture that produced 
1508 to 2320 kg DM ha-1. A study that was done by Neal et al. (2009) compared 
different water management practices with specific reference to the total water input. 
When soil water status was optimal, lucerne had an annual production of 17.2 t DM 
ha-1. When only 33% of the optimal soil water status was maintained, annual 
production decreased to 13.5 t DM ha-1 (Neal et al., 2009). 
2.2.7.4 Soil 
Lucerne, when established in soils with suitable physical and chemical properties, 
can have high production when compared with temperate pastures (Brown et al., 
2005). Lucerne has very specific requirements in terms of soil characteristics that 
allow successful establishment and production (Oberholzer et al., 1996a). The soil 
types best suited to lucerne cultivation are deep, well-drained soils with a neutral to 
alkaline soil pH (KCl) of between 5.5 and 6.5 (Cameron, 1968; Tow, 1993; Phillips 
and Miles, 1996; Bullen et al., 2002; Tonmukayakul, 2009; Moot, 2012). Due to the 
sensitivity of lucerne to soil properties, heavy clay soils or light, shallow sandy soils 
should be avoided (Leppan, 1924). Soil nutrient requirements and management are 
discussed in section 2.2.7. 
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2.2.8 Management factors affecting lucerne production 
2.2.8.1 Soil fertility requirements  
Lucerne has a high demand for P, K, Ca, and S. Sufficient nutrient levels are 
essential to maintain high production (Oberholzer et al., 1996b). Nutrient 
concentrations in the soil required for lucerne, as described by Botha (1994) and 
Oberholzer et al. (1996b) are shown in Table 16. 
 
Table 16 Nutrient concentrations in the soil required for lucerne production (Beyers, 
1994; Botha, 1994; Oberholzer et al., 1996a). 
 Mineral Threshold  
Macro minerals 
pH (KCl) 5.5 
Phosphorus (mg kg-1) >35 
Calcium (mg kg-1) >400 
Magnesium (mg kg-1) >70 
Potassium (mg kg-1) >80-100 
Micro minerals 
Copper (mg kg-1) >1.0 
Zinc (mg kg-1) >1.0 
Boron (mg kg-1) >1.0 
Manganese (mg kg-1) >10-15 
 
Before lucerne establishment, it is recommended to determine the nutrient 
concentrations in soil samples taken at a depth of 150 mm.   Based on the results, 
nutrient deficiencies in soil can be corrected (Oberholzer et al., 1996a; Phillips and 
Miles, 1996; Botha, 2003; McDonald et al., 2003). After establishment, it is 
recommended to use annual soil analyses or even tissue-testing techniques to 
monitor soil nutrient status and to manage fertilisation (Oberholzer et al., 1996a; 
Bullen et al., 2002).  
 
Lucerne is highly sensitive to acidic soil. Acidic soil should be corrected prior to 
establishment by applying lime to ensure successful establishment (Oberholzer, 
1996a; Phillips and Miles, 1996). 
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The application of N fertiliser on lucerne pastures is not recommended as it 
promotes grass and weed growth and also negatively affects N fixation (Bullen et al., 
2002; Moot 2012). When N is applied to lucerne, the elevated level of soil N will 
decrease the activity of Rhizobium species. The lucerne plant will then preferably 
use N from fertiliser instead of N fixed from the atmosphere (McDonald et al., 2003).  
 
Lucerne is extremely sensitive to deficiencies of molybdenum (Mo) and Boron (B). 
For soil maintenance, the fertilisation programme should include applications of 
these nutrients. The most convenient method of applying Mo and B is by foliar spray 
(Phillips and Miles 1996). Recommended rates are 100 to 150 g ha-1 of sodium 
molybdate and 1 to 2 kg ha-1 of Solubor every 3 to 4 years (Phillips and Miles 1996). 
These application rates will depend on the grazing management or whether the 
lucerne is cut for hay.  
 
Lucerne is a high producing crop that extracts high levels of nutrients from the soil. 
Table 17 shows quantities of major nutrients that are removed from the soil when 
lucerne is cut for hay. This table can be used together with soil testing to determine 
how soil nutrients should be replenished. This will, in turn ensure sustainable growth 
and production.  
 
Table 17 Quantities of nutrients removed by lucerne cut for hay. 
 
1 t lucerne (McDonald et 
al., 2003) 
10 t lucerne 
(Phillips and Miles, 1996) 
Nutrients kg removed kg removed 
Nitrogen 2.5 30 
Phosphorus  - 30 
Sulphur  3.0  23  
Calcium 12. 0 120 
Magnesium - 20 
Potassium  21.0 200 
2.2.8.2 Soil mineral deficiency and symptoms  
Nutrient deficiencies have specific visual symptoms in lucerne plants that can be 
used to detect them. It is, however, not recommended to rely on visual symptoms of 
deficiencies as symptoms develop over time and if not detected early enough 
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productivity could be lost and longevity of the sward affected (Oberholzer et al., 
1996a; Bullen et al., 2002). 
Nitrogen (N) 
Nitrogen deficiency develops in lucerne plants deprived of root nodules. This causes 
dwarfed, spindly growth with general yellowing. Pink colouring starts in the petioles 
of the oldest leaves. The visual symptoms continue up the midrib on the underside of 
the leaflets, which subsequently turn yellow and die. The symptoms progress upward 
to successively younger leaves. Low deficiency levels slow plant growth and 
decrease branching, but it is not very evident (Graham et al., 1979).  
 
When lucerne is not correctly inoculated with Rhizobuim bacteria prior to 
establishment or when it is inoculated with the incorrect inoculant, poor nodulation 
can occur and N deficiency develops (McDonald et al., 2003). When correct 
inoculation occurs and P and Mo are in sufficient supply, Rhizobium bacteria in root 
nodules should supply sufficient N for the lucerne plant (McDonald et al., 2003).   
Phosphorus (P) 
Phosphorus is essential for root development and a P deficiency leads to restricted 
growth of roots. Top plant growth is stunted, stiff and erect when P is deficient. 
Leaves are small and abnormally dark green, tend to fold together and the base is 
purplish (Graham et al., 1979; Bullen et al., 2002; McDonald et al., 2003). 
Sulphur (S) 
Protein synthesis relies on adequate S in the plant and deficiency will lead to the 
yellowing of younger leaves (Bullen et al., 2002; McDonald et al., 2003). The visual 
symptoms of S and N deficiency are similar and should not be confused. The 
yellowing effect of S deficiency is more apparent on the younger leaves, than that of 
N deficiency (Bullen et al., 2002).  
Calcium (Ca) 
Neutral to alkaline soils are not usually deficient in Ca but acid soils can be deficient. 
Calcium deficiencies are therefore not common in lucerne swards since they are not 
acid tolerant (Bullen et al., 2002, McDonald et al., 2003). When soils are acidic, the 
application of calcitic lime can increase the pH of the soil (Bullen et al., 2002; 
McDonald et al., 2003).  
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In young plants, the first symptom of Ca deficiency is the sudden collapse of the 
petioles of the youngest fully developed leaves. The leaflets of the collapsed petioles 
remain turgid for two or more weeks and the undersides of the leaflets become 
reddish-purple. Yellowing of the tissue of young, immature leaves and necrosis 
commences at the leaflet tips. The affected areas curl up to form a characteristic 
funnel of the top of each leaflet (Graham et al., 1979). 
Magnesium (Mg) 
Magnesium deficiency is more common on acidic, sandy soils. These soils are not 
favourable for lucerne cultivation (Graham et al., 1979). 
Potassium (K) 
High production rates of lucerne may lead to K deficiency. An indication of K 
deficiency can be observed on the older leaves. They can turn slightly yellow before 
a brown necrosis develops along the margin (Graham et al., 1979; Bullen et al., 
2002).  
 
Potassium shortages usually increase when the soil is subjected to long-term hay 
production. Deficiency of K can be associated with an increase of leaf disease and 
premature leaf drop. Mixed lucerne and grass swards, in particular, need sufficient K 
for the lucerne to establish well and persist (Graham et al., 1979; Bullen et al., 2002). 
Molybdenum (Mo) 
Molybdenum deficiency mainly occurs in acid soils and soils with a high iron (Fe) 
level (Graham et al., 1979). Molybdenum is essential for nodulation on the roots by 
rhizobia (Bullen et al., 2002; McDonald et al., 2003). A deficiency in Mo has similar 
visual symptoms to that of a N deficiency (Bullen et al., 2002; McDonald et al., 
2003). Visual symptoms of a Mo deficiency include older leaves that have a pale leaf 
colour, wilting of petals, restricted flowering and stunted growth. Molybdenum 
deficiencies at seedling stage contribute to premature thinning or patchy lucerne 
swards (McDonald et al., 2003). 
Manganese (Mn) 
Manganese deficiency reduces the growth of lucerne. The symptoms are interveinal 
yellowing of the youngest leaves while the veins stay green (Bullen et al., 2002). 
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Small light-brown necrotic areas, which are initially visible on the upper surface, 
develop in the yellowed leaves. High levels of Mn may induce Fe deficiency, which 
interferes with the uptake and utilization of Mo (Graham et al., 1979). 
Zinc (Zn) 
Zinc deficiency reduces the size of a lucerne plant and the younger leaves start 
curling upwards followed by the appearance of brown spots on the upper surface of 
top leaves, but not on the youngest leaves (Bullen et al., 2002). According to 
Graham et al. (1979) deficiencies of Zn are rare. Addition of lime and P may, 
however, reduce availability of Zn and might cause visual deficiency symptoms. 
Symptoms are a reduction in size and upward curling of the youngest leaves, brown 
spots appear on the upper surface of older leaves and later the browning becomes 
white and necrotic (Graham et al., 1979). 
Boron (B) 
Boron is regarded as the trace element that is most likely to limit lucerne growth. 
Symptoms of B deficiency during a period of stress are deformation of terminal buds, 
pronounced chlorosis, sometimes associated with yellowing or reddening and 
formation of rosettes at the growth terminals (Bullen et al., 2002). Shortages will 
result in the yellowing of the interveinal tissues and upper leaf surface, which turn 
red to reddish-yellow (Bullen et al., 2002; McDonald et al., 2003). 
Copper (Cu) 
 Copper deficiency causes the younger lucerne leaves to wilt and a striking curvature 
of younger leaf petioles cause leaflets to bend back against the lower part of the 
petiole. Yellowing does not develop, but the plants may appear to be drought 
stressed. Growing points may die, followed by death of the leaflets and petioles 
(Graham et al., 1979; Bullen et al., 2002). 
2.2.8.3 Cultivar selection  
Lucerne cultivars selected for a pasture system will determine the production 
potential, sustainability and longevity of the sward. Therefore, it is important to select 
a cultivar according to its ability to handle stress factors (Pembleton, 2010). Sward 
longevity determines its profitability and is an essential component to consider when 
selecting a cultivar (Oberholzer et al., 1996a; Phillips and Miles, 1996). Furthermore, 
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the density of the sward and its intended use are primary factors when determining 
the cultivar best suited to a system, since low plant densities can promote the 
invasion of weeds and a concurrent overall decrease in quality (Bullen et al., 2002).   
 
There are various cultivars commercially available that are resistant to either a 
specific or a range of diseases and pests (Oberholzer et al., 1996a; Phillips and 
Miles, 1996; Dickenson et al., 2010). For example, SA Select was bred from SA 
Standard to be resistant to aphids and root rot (Phytophthora) and crown rot (NLT, 
2014). Resistance properties need to be taken into consideration when selecting a 
cultivar, as they are essential to maintain production and longevity of the sward 
(Pembleton, 2010).  
 
The ability of a sward to respond to stress factors, such as the reduction in 
photosynthetic capacity due to the removal of plant material or exposure to 
unfavourable conditions, will determine the longevity of the sward (Avice et al., 
1996). After stress has occurred, the plant depends on carbohydrates and proteins, 
stored in the crown and roots, for regrowth under favourable conditions (Avice et al., 
1996; Cocks, 2001). A higher level of plant reserves will result in more rapid 
regrowth after defoliation (Danckwerts and Gordon, 1990; Lawson et al., 2000). 
Lawson et al. (1998, 2000) found that a high frequency of defoliation cause a 
decrease in the water-soluble carbohydrate and starch reserves of the crown and 
roots, which could restrict regrowth. During summer, winter-dormant cultivars have a 
higher concentration of taproot starch compared to winter-active cultivars. In 
contrast, during winter months, winter-active cultivars have a higher concentration of 
taproot starch compared to winter-dormant cultivars, ensuring higher production of 
winter-active cultivars during winter months (Cunningham and Volenec, 1998; 
Bouton et al., 2001). Highly winter-active cultivars are not well adapted to 
unfavourable conditions, whereas winter-dormant cultivars are able to adapt and 
produce even when conditions are less than favourable (Bouton et al., 2001; 
Pembleton, 2010). Aside from these differences between dormancy groups, there is 
also a high degree of variation in production and quality between cultivars within the 
same dormancy group (Pembleton, 2010).   
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The wide variety of cultivars available and their distinctive characteristics make it 
difficult to select the best cultivar for a specific system. Two important factors that 
should be considered when selecting a cultivar are the environment in which it will be 
established and the proposed use (grazing/hay-cutting) (Van der Merwe, 1993).  
2.2.8.4 Irrigation  
Lucerne is extremely responsive to irrigation in conditions where rainfall is not 
adequate (Phillips and Miles, 1996). With irrigation, lucerne was found to produce 
2.0 to 2.5 times more than lucerne that was not irrigated (Fitzgerald et al., 1997). 
Cameron et al. (1990) reported that supplementary irrigation significantly reduces 
reduced the rate of decline of lucerne population. In this their study, it was found that 
after four years with irrigation there were 0.7 plants m-2 present compared with 0.2 
plants m-2 under nowithout irrigation. 
 
Phillips and Miles (1996) stated that the amount of irrigation water required by 
lucerne depends upon the desired level of production, soil type, soil texture and 
climatic conditions, while the irrigation frequency depends upon time of year, stage 
of growth and soil type. Therefore, the actual irrigation schedule needs to be 
adjusted according to the conditions at each site (Phillips and Miles, 1996). For 
optimal production, soil water levels should be maintained above 50% of the total 
amount of water potentially available to the plants (Bullen et al., 2002). Snaydon 
(1971) found that irrigation frequency had no significant effect upon production. 
However, it was found that frequent small applications reduced the capacity of 
lucerne to extract soil water at low water potentials in the following summer. This 
could be due to the root systems that are not well adapted to extract water during 
drought caused by the frequent small applications (Snaydon, 1971). In addition, 
lucerne is especially sensitive to excessive irrigation and water logging during the 
seedling stage, while continued excessive irrigation results in waterlogging that leads 
to a decrease in the persistence of the sward (Leppan, 1924). 
 
Irrespective of its superior drought tolerance, lucerne production can still be affected 
by water stress. Water shortages resulting in water stress induces stomatal closure, 
reduced transpiration and elevated canopy temperature (Halim 1989). Water stress 
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at vegetative and bud stage reduces DM production. Irrigation is a management 
practice to alleviate water stress. For example, irrigation after stress at the vegetative 
stage has been found to result in accelerated growth rates (Halim et al., 1989; Mills 
et al., 2008) compared to dry land pastures of lucerne, cocksfoot, white and red 
clover and ryegrass. They also found that lucerne was the most responsive species 
during summer rainfall and recovery after drought was superior compared to the 
other species. 
2.2.8.5 Grazing frequency and intensity 
Grazing frequency is a measure of the amount of time that lapses between grazing 
intervals, while grazing intensity is how short the area will be grazed by a certain 
number of animals over a period of time. Both factors influence the growth of the 
plant, which in turn has an impact on the production potential and sustainability of 
lucerne pastures (Feltner and Massengale, 1965; Lodge, 1986; Norris and Ayres, 
1991; Durand, 1993; Oberholzer et al., 1994). Frequency and intensity of grazing of 
lucerne needs to be managed to maintain high levels of production and persistency 
of plants, irrespective of the dormancy class (De Kock and Birch, 1978a; Gramshaw 
et al., 1993; Durand, 1993; Oberholzer et al., 1996b). Robinson and Massengale 
(1968) stated that stage of growth at harvest had a greater influence on production 
and plant density of lucerne than the influence of stubble height remaining after 
harvest.  
 
After establishment, lucerne should not be grazed until first bloom has commenced 
(Cameron, 1968; Phillips and Miles, 1996). Cameron (1968) stated that lucerne 
should be topped with a slasher after establishment when weeds could negatively 
impact growth due to overshadowing. A low intensity of grazing ought to be 
implemented when lucerne is grazed for the first time to prevent overgrazing. A high 
intensity at the first grazing can result in a weak root system that leads to lowered 
production in future and a shortened sward longevity (Oberholzer et al., 1996b; 
McDonald et al., 2003).  
 
The frequency of defoliation of lucerne affects their longevity, DM production, N 
fixation and the root reserves (Feltner and Massengale, 1965; Gramshaw et al., 
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1993; Moot, 2012). Lodge (1986), who evaluated five different grazing frequencies 
that ranged from 25 days to 48 days over a four-year period, found that grazing 
frequency had a significant effect on production. His study showed that in the first 
year, the mean production (10 124 kg DM ha-1) for the 35 day grazing frequency was 
18% higher than 25-day and 42-day defoliation frequency and 8% higher than the 
28-day and 48-day grazing frequency. Lodge (1986) concluded that an increase in 
the interval between grazing decreased the ratio of leaf to stem, particularly when 
the defoliation frequency was above 35 days. According to Durand (1993) and 
Oberholzer et al. (1996b) a grazing frequency of 35 days is an adequate time for the 
plant to build root reserves. Another means of managing grazing frequency is by 
grazing lucerne at the crown bud initiation stage (McDonald et al., 2003). Lattimore 
(2008) states that grazing can commence when new crown shoots are a height of 
200 mm (or at least 28 days) and the area can be grazed down to 50 – 70 mm but 
grazing should not remove the new shoots at the crown or base. It is recommended 
to rotationally graze lucerne to maintain a persistent lucerne pasture (Durand, 1993; 
Lattimore, 2008). The reason for this is that lucerne could be selectively grazed and 
regrowth restricted when it is grazed continuously. 
 
The intensity at which lucerne is grazed depends on the density of the sward, which 
is in turn affected by soil fertility, seasonal conditions and past grazing management 
(Clinton, 1968). Lucerne plant density has been found to decline by 50% in the first 
three years when lucerne is grazed above the grazing capacity of the sward 
(Southwood and Robards, 1975; Sewell et al., 2011). According to Van Heerden 
(1991) the grazing capacity of lucerne under irrigation in the winter rainfall area of 
South Africa is 3.33 – 6.67 large stock units (LSU) ha-1. Lattimore (2008) stated that 
during summer months irrigated lucerne in New South Wales, Australia has a 
grazing capacity of 9.09 – 10.61 LSU ha-1. 
 
In a mixed grass/lucerne pasture it is important to manage the frequency of grazing, 
irrigation and fertilisation of the pasture to benefit the lucerne component to ensure 
persistence thereof (Phillips and Miles, 1996). Because of lucerne’s upright growth 
habit, most lucerne cultivars require grazing management. The reason is that the 
more erect the plant grows, the greater the bite size and the more complete the 
removal of the stem and leaf (Gong et al., 1996; Cocks 2001). Langenhoven (1989) 
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and Oberholzer et al. (1996b) noted that there is a relationship between the 
dormancy group and its ability to withstand grazing. When using winter-active 
cultivars, which are less suited for grazing, grazing management should be aimed at 
minimising damage to the growth points (Phillips and Miles, 1996; McDondald, 
2003). Lucerne should not be grazed after irrigation or rain to prevent plant damage 
and soil compaction (Lattimore, 2008).  
2.2.8.6 Weed control 
Weeds are particularly problematic during the establishment phase of lucerne, as 
they will compete with the seedlings and may result in a thinned out mature sward 
(Bullen et al., 2002). The primary weeds that present a problem during this phase 
are broad-leafed weeds, annual and perennial grasses (Phillips and Miles; 1996; 
Bullen et al., 2002). In mature swards, a large contribution of weeds will reduce the 
quality of herbage that is being utilised, as weeds normally have a low protein 
content (Phillips and Miles, 1996; Bullen et al., 2002). Unsuccessful management of 
weeds further creates a seed bank and results in decreased persistence and an 
unsuccessful lucerne sward (Leach et al., 1984; Oberholzer et al., 1996a). 
 
The density of the lucerne sward will influence the amount of weeds that invades the 
pasture (Leach et al., 1984). Lucerne swards that are better able to compete with 
weeds have to be maintained by good management practices (Bullen et al., 2002). 
Weeds usually begin to colonise established lucerne swards as a result of 
mismanagement, such as overgrazing, cutting too frequently, incorrect time of 
cutting, improper irrigation scheduling, inadequate soil fertilisation and a lack of 
insect and disease control (Bullen et al., 2002). Phillips and Miles (1996) recommend 
the first grazing of a lucerne sward should commence at full bloom stage but when 
weeds have infested the area it should be grazed and then be allowed to reach full 
bloom to replenish root reserves. Sandral et al. (2006) used a method of slashing the 
established lucerne pastures to a height of 50 mm to reduce the competition of 
weeds.  
 
Weed control is important and can be divided into two broad categories namely 
winter and summer weed control (Phillips and Miles, 1996). Winter weeds germinate 
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in early autumn, grow through winter and die during spring (Phillips and Miles, 1996). 
Bullen et al. (2002) state that summer weeds are a greater challenge than winter 
weeds during establishment, but can be effectively managed by choosing an 
optimum planting date aimed at reducing competition from weeds. Summer weeds 
are mostly annual and perennial grasses in pure lucerne swards (Phillips and Miles, 
1996). These weeds are effectively controlled by herbicides when applied during the 
seedlings stage (Phillips and Miles, 1996). When herbicides are applied, they should 
be applied during the dormant stage of the lucerne (Phillips and Miles, 1996). If 
applied during the non-dormant period they may have some negative effect on the 
lucerne (Phillips and Miles, 1996). It should also be kept in mind that management of 
weeds in a lucerne/grass pasture is more difficult because of the presence of both a 
grass and broadleaf species (lucerne). As result  herbicide management, in terms of 
available options that will not affect either the grass or lucerne pasture components, 
will be limited (Botha, 2014). 
2.2.8.7 Pests and disease control 
(i)  Aphids 
During 1981, pastures in the Barkly West area in the Northern Cape of South Africa 
were damaged by aphids (Dürr, 1981). At that time the aphids were unknown to the 
area. Specimens were collected and the problematic aphids were identified as the 
blue green aphid (Acyrthorsiphon kondoi) and the spotted lucerne aphid (Therioaphis 
trifolli f. maculate) (Dürr, 1981). The damage caused by the aphids during summer 
resulted in complete defoliation. Other symptoms were; leaf drop, yellowing of 
leaves, stunted growth and slow recovery of injured plants (Stern et al., 1980). The 
blue green aphid was originally described in 1938 in Japan and spread from there to 
other countries (Dürr, 1981). The aphids are found on the stem and underside of the 
leaves. Bullen et al. (2002) stated that these aphids can develop rapidly and can 
reproduce up to four times a day under ideal conditions. 
 
Aphids have natural predators and integrated pest management can be used to 
manage aphids in a lucerne sward rather than by spraying pesticides (Bullen et al., 
2002). However, during the establishment phase, when lucerne plants are 
particularly sensitive to aphids, seed and seedlings can be treated with a pesticide to 
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manage infestation of pests (Smit, 1964; Langenhoven, 1986, Botha 1998, Phillips 
and Miles, 1996; Botha 2002b). The selection of lucerne cultivars that have been 
bred for varying resistance levels to aphids, is another option to reduce the impact of 
aphid infestations on lucerne production (Bullen et al., 2002).  
(ii)  Pythium species 
Fungal diseases are common worldwide in many agricultural crops, with Pythium 
spp. particularly problematic in the southern Cape area (Swanepoel et al., 2010a). 
Pythium spp. are a known problem in lucerne as they can cause a decline in sward 
density (Lattimore, 2008). Seeds can be infected during germination, which results in 
the seedling dying after emerging out of the seed coat. When a seedling is infected, 
the taproot becomes water-soaked and flaccid and finally collapses and dries out 
(Graham et al., 1979; Bullen et al., 2002). When this happens, the seedlings fall over 
(damp-off) or show stunted growth and may die after a few days. However, not all 
seedlings die when infected with Pythium spp. and might continue to grow when the 
environment is ideal. Under these ideal conditions, the seedling produces a 
secondary root above the lesion of the infection (Graham et al., 1979; Bullen et al., 
2002).  
 
Favourable conditions for Pythium to grow are a humid atmosphere, moderate 
temperatures and sufficient soil moisture (Graham et al., 1979; Lattimore, 2008). 
Optimum temperatures are near 16°C for pre-emergence damping-off and between 
24°C and 28°C for post emergence damping-off (Graham et al., 1979). Swanepoel et 
al. (2010a) indicated that the severity of infection depends on the temperature and 
soil moisture. They stated that in South Africa, Pythium ultimum var. ultimum was 
shown to be highly virulent in legumes and Denman et al. (1995) found that Pythium 
caused 80% of lucerne seedlings to damp-off. Pythium spp. are soil bound and 
persist on crop residue and even on weeds (Graham et al., 1979). Treating the seed 
prior to establishment with a fungicide may reduce the number of infected plants 
(Langenhoven, 1986; Lombard, 1988; Botha 1998). 
(iii)  Fusarium  
Fusarium is a fungus that persists in the soil and in dead plant material as 
chlamydospores (Graham et al., 1979; Swanepoel et al., 2010a). The fungus 
colonises the roots of the plant and it can start when the plant is at an early stage of 
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development. The fungus penetrates the roots directly or through wounds and often 
the plant does not show symptoms of root rot (Graham et al., 1979; Bullen et al., 
2002). Taproots and crowns usually rot slower than small roots, with slow rotting 
often occurring over months or even years. Plant stress increases the rotting of the 
roots. Plants that have severe root rot have stunted growth, wilting shoots and yellow 
leaves (Graham et al., 1979; Bullen et al., 2002). Bretag (1985) stated that severe 
root rot can reduce the productivity of a pasture and he found that Fusarium was the 
most frequently found fungus in clay soils in Australia. Seed can be treated prior to 
planting with a fungicide to reduce the number of infected plants (Langenhoven, 
1986; Lombard, 1988; Botha 1998).  
2.2.9 Anti-quality factors  
2.2.9.1 Bloat 
As with all other legumes, bloat is one of the anti-quality factors of lucerne. Bloat is 
caused by the retention of fermentation gases caused by the formation of “stable 
foam” in the reticulo-rumen (Jones and Lyttleton, 1971; McDonald et al., 2002; Moot, 
2012). This causes the rumen to swell with gas, placing pressure on the heart and 
lungs. When this pressure is not released, it ultimately leads to death by cardio-
respiratory failure (McDonald et al., 2002).  
 
The high concentration of soluble proteins present in the leaves of lucerne is thought 
to play a role in the formation of the foam that traps the gas (Jones and Lyttleton, 
1971; Pulgar and Laude, 1974; Howarth, 1975; McDonald et al., 2002). Rapid 
temperature increase and decrease of soil moisture content, increases these soluble 
proteins in a lucerne plant and have been identified as potential factors that increase 
the risk of bloat (Howarth, 1975; Pulgar and Laude, 1974). 
 
Anti-foaming agents are used to reduce the surface tension of the rumen fluid, 
preventing the formation of stable foam. These agents include vegetable oils, 
lecithin, animal fats, mineral oils, detergents (pluronics) and synthetic polymer 
poloxalene (McDonald et al., 2002; Lattimore, 2008).  
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Manipulation of botanical composition is another option to manage the occurrence of 
bloat in grazing animals. A lucerne sward with about 10 plants per m-2 mixed with 
grasses or at least 50% grass, provides a pasture mixture that can reduce the risk of 
bloat at times of high bloat risk (Phillips and Miles, 1997; Popp et al., 2000; Bullen et 
al., 2002). Dear et al. (2009) stated that incorporating perennial grasses in mixtures 
with lucerne may further encourage the adoption of lucerne for grazing by reducing 
the risk of animal health disorders such as bloat associated with grazing pure 
lucerne pastures. Animals not accustomed to grazing lucerne should be gradually 
introduced to it (Cameron, 1968). 
 
Majak et al. (1995) found the claims that the risk of bloat may be reduced by waiting 
until the dew is off the lucerne before grazing, to be true. Bloat occurred two to 
seventeen times more often when cows were fed lucerne between 07:00 and 08:00 
than when they were fed four hours later (Majak et al., 1995). Bloat has to be taken 
into consideration when grazing pure swards of lucerne (Cameron, 1968).  
 
Further recommendations to reduce the occurrence of bloat in animals grazing 
lucerne are: (Cameron, 1968; Majak et al., 1995; Bullen et al., 2002; McDonald et al., 
2003; Lattimore, 2008; Moot, 2012): 
• Not allowing hungry animals sudden, unrestricted access to lucerne and by 
offering hay, straw or bale-age to reduce appetite and help break down rumen 
foam.  
• Avoid grazing animals on young and succulent swards of lucerne. Rather grazing 
the lucerne when the sward is mature or in flower may decrease the risk of bloat. 
• Observe the animals while grazing lucerne for signs of bloat. 
• Make use of strip grazing to prevent selective grazing and to ensure the animals 
eat more mature parts of the plants. 
• Pure lucerne swards increase the risks of bloat and over-sowing lucerne with 
grass can reduce the risk. 
• Dense, pure swards cause more problems than thin, weedy swards. 
• Some animals are more susceptible to bloat than others are. It is recommended 
that these animals be placend on pasture where there is a lower risk of bloat. 
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2.2.9.2 Autotoxicity 
Lucerne swards thin over time due to pests, diseases, poor fertility, winter killing and 
stresses associated with harvesting or grazing (Volenec and Johnson, 2004). With 
other pasture species, over-sowing of existing pastures has been advocated to over-
come these problems. However, studies have shown that reseeding an existing 
lucerne sward results in an increase of new lucerne plants of only 5% to 8% due to a 
low germination percentage, slow seedling growth and high seedling mortality 
(Volenec and Johnson, 2004 and references therein). This is because lucerne plants 
produce chemicals that suppress the germination of lucerne seeds and growth of the 
seedlings. This phenomenon is referred to as autotoxicity and is a form of allelopathy 
(Leach, 1978; Moot. 2012) Autotoxicity complicates the management of lucerne 
swards, as it prevents the replacement of lost plants or the improvement of sward 
density by means of over-seeding lucerne into existing lucerne swards (Leach, 1978; 
Volenec and Johnson, 2004). 
 
Older lucerne swards are more prone to autotoxicity than younger swards due to the 
build-up of root derived chemicals over time (Moot, 2012). For this reason, it is not 
advisable to immediately re-establish lucerne on the same area that has recently 
been under lucerne pastures (Phillips and Miles 1996). Rather, it is recommended to 
rotate lucerne pastures with other species before re-sowing (Moot. 2012). 
 
2.2.10 Lucerne establishment  
Lucerne can be used in farming systems as part of a mixture with annual species or 
in pure swards (Bouton, 2012). The nutritive value of pasture may be improved by 
introducing lucerne into native grass areas or pure grass pastures, or through 
supplementing larger paddocks of grass with small areas of pure lucerne (Cameron, 
1968).  
 
It is recommended to establish lucerne during April – May (autumn) in the southern 
Cape region of South Africa (Botha, 1994; Lattimore, 2008; Dickenson et al., 2010). 
If lucerne is established earlier than recommended, establishment could fail due to 
high temperatures (Dickenson et al., 2010). In areas where weeds are prone to be a 
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problem, it is recommended to delay establishment to June – July (early winter) 
(Botha, 1998). In Mediterranean environments, the recommended establishment 
period is during spring or autumn (Lloveras, 2001). Spring establishment in these 
environments can reduce winter frost damage and competition from weeds 
(Lloveras, 2001; Dickenson et al., 2010).  
 
The average DM production of lucerne established during spring and autumn, is 
shown in Table 18. When lucerne was established during spring, the first year of 
production was lower when compared to the autumn establishment. During the 
second year, the spring established lucerne had a higher production when compared 
to the autumn established lucerne. The average production after three years was 
similar (Lloveras et al., 1999). 
 
Table 18 Average DM production (t ha-1) of lucerne established during spring and 
autumn over a three year period (Lloveras et al., 1999). 
Production t DM ha-1 
Season Year 1 Year 2 Year 3 Average 
Spring 16.1 26.0 21.4 21.2 
Autumn 24.5 21.9 18.3 21.5 
 
A well-prepared seedbed is important for establishing lucerne, with tilling methods 
aimed at creating a firm and moist seedbed that ensures good contact with the seed 
(Botha, 1998; Lattimore, 2008; Dickenson et al., 2010). A test to determine an ideal 
seedbed is described by Phillips and Miles (1996). This test is based on the size of 
the soil particles, which should not be bigger than 15 mm in diameter and the 
seedbed should be firm enough to ensure that a footprint does not imprint deeper 
than 12 mm. A seedbed that is not firm, may result in poor contact between the 
topsoil and deeper moist soil, which can lead to the rapid drying out of the topsoil 
(Botha, 1998). Janson and White (1971) stated that moisture conditions surrounding 
the seeds and young seedlings is an important factor in determining total 
germination, time of germination and early seedling survival. Leppan (1924) states 
that the seedling stage is the most vulnerable phase, as the lucerne plant focuses on 
root development and is poorly adapted to compete against weeds. Most failures to 
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establish lucerne could be traced to either hasty seedbed preparation or the incorrect 
time of establishment (Cameron, 1968). 
 
The recommended seeding rate for lucerne ranges between 6 – 20 kg ha-1 
(Badenhorst, 2011). To achieve a plant population of 140 – 200 plants m-2 a seeding 
rate of 12 – 15 kg ha-1 is recommenced for lucerne established under irrigation 
(Lattimore, 2008).  
 
Lucerne establishment can be achieved by broadcasting the seed or by planting it in 
rows. When establishing lucerne seed by means of broadcasting, a well prepared 
seedbed is fundamental (Botha, 1998; Badenhorst, 2011). After broadcasting, the 
area should be rolled with a light land-roller to ensure the seed has good contact with 
the soil (Botha, 1998; Greenwood et al., 2006; Woodward et al., 2008). Sowing 
depth of 1 cm is recommended under moist soil conditions and at 2 – 2.5 cm when 
sowing in “quick drying conditions” (McDonalds et al., 2003). Direct drilling lucerne 
seed in rows could be used for sowing lucerne into an existing pasture or as a pure 
lucerne sward (Botha, 1998). A row width of 15 cm is recommended (Roufail, 1975; 
McDonalds et al., 2003). After planting, a land-roller can be used to ensure that the 
seed makes adequate contact with the soil for germination purposes (McDonalds et 
al., 2003).  
 
Incorporating grasses into established lucerne pasture can be done by direct drilling 
grass seeds into the pasture or by allowing volunteer establishment of grass and 
clover from the soil seed bank (Humphries, 2012). When lucerne is over-sown, the 
winter and spring growth of lucerne can be suppressed with chemicals to decrease 
the competition for the sown crop or N fertiliser can be applied to increase the growth 
of the sown crop (Vogel et al., 1983; Humphries et al., 2004).  
2.2.10.1 Seedling survival and persistence of lucerne plants 
There are about 440 000 lucerne seeds per kilogram of seed. At a seeding rate of 1 
kg ha-1, there would be about 44 seeds per m2 (McDonald et al., 2003). Thus for a 
seeding rate of 15 kg ha-1, there would be about 660 seeds per m2. Several 
environmental factors, such as temperature, light, salinity of soil and soil moisture 
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content can simultaneously influence germination (Benabderrahim et al., 2011). 
Seedling loss from disease and weeds will further reduce seedling survival rate 
(Leach, 1979; McDonald et al., 2003). McDonald et al. (2003) stated that 30 
seedlings per m2 should establish from a 1 kg ha-1 seeding rate resulting in a 68.2% 
establishment. When a seeding rate of 15 kg ha-1 is used, 450 seedlings should 
therefore establish. In a study by Brown et al. (2005) a sowing rate of 7 kg ha-1, 
using a cone seeder, resulted in the establishment of 200 – 250 lucerne plants m-2.  
 
Optimum plant density of a lucerne sward, to achieve the maximum DM production, 
is shown in Table 19. A lucerne sward with a low density of plants is more prone to 
the invasion of weeds, resulting in a decreased quality and overall lower production 
(Fulkerson et al., 1997). However, measurements for determining plant survival 
become problematic due to the difficulty of identifying individual crowns, and this 
could lead to the overestimation of the number of plants present (Leach, 1979). 
However, Leach (1979) found that excavation of plants for counts was reasonably 
satisfactory to determine the true plant population (Leach, 1979).  
 
Table 19 Optimum plant density (m-2) in lucerne sward for maximum yield (Fulkerson 
et al., 1997). 
Age of stand Optimum density m-2 
Seeding year >180 
1 year 100 
2 years 70 
3 years and after 50 
 
High numbers of plant density during the first year after establishment does not 
provide a reliable estimate of long-term sward density (Berdahl et al., 1989). Leach 
(1979) found that lucerne density declines at a relatively uniform rate of about five 
plants m-2 per year. According to Irwin (1977) plant disease is a major factor 
contributing to poor persistence of lucerne plants. Renovation of old, thinned lucerne 
swards varies, but it is usually short-lived and often accompanied by crown damage 
and plant thinning due to infection by crown rots and bacterial wilt. Re-sowing old 
swards usually results in failure due to allelopathy and competition from the 
established lucerne plants (Irwin 1977, Volenec and Johnson, 2004).  
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Janson and White (1971) investigated the use of two different establishment 
methods at two different sites in the South Island of New Zealand, shown in Table 
20. In site one and two the over-sown establishment method had a higher 
germination percentage than the other treatments. 
 
Table 20 Germination as a percentage of seed sown using two different methods 
(Janson and White, 1971). 
 Site 1 Site 2 
 Broadcast Over drilled Broadcast Over drilled 
Control 36.8 63.6 30.2 63.2 
Burnt  20.8 61.2 17.8 59.2 
Paraquat 40.2 70.0 33.8 59.2 
Dalapon & amitrole 
(grass & weed killer) 
36.6 63.6 35.2 67.6 
 
In a study conducted by Lodge (1986), it was found that defoliation frequency had no 
significant effect on the mean plant density in the first three years. In this study, the 
largest changes in plant density occurred in the fourth year of the study, when the 
mean plant density in a 25 and 28 day harvesting interval decreased from 69% to 
12% compared with the mean decline from 74% to 65% in a 42 and 48 day cutting 
interval. A 35-day interval resulted in the mean plant density declining from 72% to 
48%. The above decline in lucerne persistence was associated with an increase in 
the amount of grass in the plots (Lodge, 1986). Lodge (1986) confirmed that frequent 
cutting reduces the production of lucerne due to the reduction of plant population, 
and that dormancy group did not affect it. In contrast, Phillips and Miles (1996) found 
that when grazed the dormant varieties are more persistent than non-dormant 
varieties. A lucerne plant can live for twenty years but a lucerne sward usually 
persists for only five to seven years depending on the management (McDonalds et 
al., 2003).  
 
Li et al. (2010) found that the development of new lucerne cultivars offering 
increased persistence and potentially higher ground cover is possible by using wild 
relatives of Medicago sativa. Li et al. (2010) suggest that further development of 
these subspecies (caerulea and varia) is necessary to widen the diversity and 
adaptation of lucerne and the roles they may occupy in different environments. 
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Sandral et al. (2006) did a study on dry land and found that plant densities decline 
when lucerne is planted into mixed pasture systems. He found that from year 1 to 
year 3 the lucerne plant population declined from 68 – 37 plants m-2 in a mixed 
pasture system. It has been found that when grass/legume pasture was grazed and 
irrigated the legume content decreases below 30%, after two years of establishment 
(Reeves, 1996). 
2.2.11 Rising plate meter to measure lucerne growth 
A rising plate meter (RPM) is an instrument used for the measurement of 
compressed sward height in order to estimate production of pasture (Fulkerson et 
al., 1997; Hakl et al., 2012). The RPM measurements are used by management to 
adjust animal numbers for grazing (pasture allocation), estimation of forage intake 
and estimation of utilization (Bransby and Tainton, 1977).  
 
The RPM is calibrated by developing a linear regression that relates the RPM height 
of the pasture to DM production per unit area according to equation 1 (Earle and 
McGowan, 1979). 
 
 
𝑌 = 𝑚𝐻 + 𝑏 
 
Where: Y = dry matter production in kg DM ha-1; m = gradient; H = mean rising plate 
meter height and b = intercept value 
(1) 
The regression relationship and regression coefficient (R2) for disk meter height (cm) 
and available DM (kg DM ha-1) before grazing of lucerne cultivars are shown in Table 
21. Linear regression equations and corresponding R2 values developed for yield of 
lucerne are shown in Table 22. The study carried out by Durand (1993) consisted of 
four different cultivars from each dormancy group cut at high (B) and low (A) pasture 
heights and grazed every 35 days. Durand (1993) found that for the high 
measurements (B) the R2 values were lower, indicating a poorer regression fit than 
for low measurements (A). She states that this might have been due to greater 
variation in available DM at greater heights. Bransby and Tainton (1977) found that 
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even if a regression coefficient is low (R = 0.76) it could still be significant. In a study 
done by Botha (1998), illustrated in  
, the regression coefficient was 0.89. In both these studies the cutting height of the 
calibration was not given, making comparison difficult and recommendations 
according to the findings challenging.  
 
Table 21 The regression relationship and regression coefficient (R2) between disk 
meter height (cm) and available DM (kg DM ha-1) before grazing of lucerne cultivars 
measured at low (A) and high (B) heights (adapted  from Durand, 1993). 
Cultivar Dormancy group  Regression R2 P-value 
CUF 101 Winter-active 
A Y = 2.02H + 6.100 0.989 * 
B Y = 0.85H + 15.39 0.748 * 
SA Standard 
Intermediate-winter 
dormant 
A Y = 2.25H + 6.650 0.914 * 
B Y = 0.76H + 19.22 0.614 * 
Meteor 
Semi- winter 
dormant 
A Y = 2.46H + 7.030 0.955 * 
B Y = 0.59H + 23.05 0.711 * 
*P ≤ 0.01 
 
 
Figure 7 Calibration equation relating disk meter height (cm) and available DM 
production (kg DM ha-1) for lucerne (adjusted from Botha, 1998). 
 
Bransby and Tainton (1977) stated that the regression relationships can differ 
between calibrations. These relationships may be influenced by pasture type and 
conditions such as time in the season, disc mass, disc size, position of the 
calibration mean and the size and position of the range in calibration samples 
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(Brandsby and Tainton, 1997). Large variations in botanical composition within and 
between swards reduce the accuracy of pasture meter estimation (Campbell and 
Arnold, 1973). 
 
According to Fulkerson et al. (1997) making use of a RPM to estimate DM 
production for lucerne is inaccurate due to lucerne’s stalky nature. In contrast, Hakl 
et al. (2012) found that RPM was a suitable method for the evaluation of lucerne DM 
production.  
2.3 Hypotheses   
The foregoing review provides a background of research performed on kikuyu and 
lucerne, and management for each species. Kikuyu is one of the major pasture 
species cultivated on a wide range of soil types in the southern Cape region of South 
Africa. High potential soil that is suited for lucerne cultivation are potentially being 
underutilized by kikuyu based systems. These systems require high N fertiliser and 
irrigation inputs. It is hypothesised that if lucerne could be successfully and 
sustainably incorporated into kikuyu it will not only improve the DM production and 
forage quality of kikuyu based pasture, but also result in improved water-use 
efficiency and reduced nitrogen fertilisation cost. 
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Chapter 3 
Materials and methods 
3.1 Experimental site 
This study was carried out over two years from May 2012 to May 2014) on the 
Outeniqua Research Farm near George in the Western Cape Province of South 
Africa (altitude 201 m, 33⁰ 58’38” S and 22⁰ 25’ 16” E).  
 
The area has a temperate climate with a long-term average annual rainfall of 728 
mm, which is evenly distributed throughout the year (ARC, 2014). The monthly long-
term (45 years) average (LTA) rainfall, total rainfall, LTA minimum and maximum 
temperatures as well as the mean minimum and maximum temperatures during the 
study period, are shown in Figure 8 (ARC, 2014). The rainfall during the study period 
varied and was higher or lower than the LTA.  
 
 
Figure 8 The monthly long-term average (LTA) rainfall (45 years), total rainfall (mm), 
mean and LTA monthly maximum temperature (max temp) as well as the minimum 
temperature (min temp) for Outeniqua Research Farm during the study period. 
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3.2 Soil 
The study area was selected by identifying a two hectare area with a suitable soil 
profile for lucerne cultivation. The area was characterised by Estcourt (duplex soil) 
and Katspruit (gleyic soil) soil forms (Soil Classification Workgroup, 1991)  
 
Soil samples were taken before establishment of the lucerne and then annually 
during autumn. Soil fertility adjustments were done to maintain the soil fertility 
requirements for lucerne cultivation throughout the trial period as indicated in Table 
22 (Botha, 1994; Botha, 2012). Soil samples were taken at a depth of 150 mm using 
a soil probe (Figure 9) (Phillips and Miles, 1996). Fifty subsamples of soil were 
randomly taken to obtain a representative sample for each camp. The subsamples 
were pooled and thoroughly mixed. One kilogram of this soil for each camp was sent 
for analysis. Samples were analysed for pH (KCl), phosphorus (P), potassium (K), 
magnesium (Mg), calcium (Ca), copper (Cu), zinc (Zn), boron (B), manganese (Mn) 
and carbon (C). 
 
 Table 22 Soil fertility requirements of lucerne and basis for chemical adjustments 
before and during the trial (Botha, 1994). 
Trace element Guideline Measurement 
pH(KCl) 
P 
K 
Mg 
Ca 
Cu 
Zn 
B 
Mn 
5.5 
>35 
80-100 
>70 
>400 
>1,0 
>1.0 
>1,0 
>25 
 
mg kg-1 
mg kg-1 
mg kg-1 
mg kg-1 
mg kg-1 
mg kg-1 
mg kg-1 
mg kg-1 
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Figure 9 The soil probe that was used to take soil samples at a depth of 150 mm 
3.3 Irrigation  
This study was conducted on two hectares of established kikuyu pasture irrigated by 
a permanent overhead sprinkler system. Irrigation scheduling was determined by the 
use of tensiometers installed to a depth of 200 mm. Tensiometer readings were 
taken daily between 08:00 am and 09:00 am. Irrigation started at tensiometer 
readings between -20 to -25 kPa and terminated between -8 to -10 kPa (Botha, 
2002a).  
3.4 Treatments  
The study started on the 9th of May 2012 by establishing different lucerne cultivars 
from different lucerne dormancy groups into existing kikuyu pasture. The kikuyu had 
been grazed by dairy cows, but not tilled, for 10 years. The data were collected from 
June 2012 until May 2013 (year 1) and June 2013 – May 2014 (year 2). Winter was 
defined as June, July and August; spring as September, October and November; 
summer as December, January and February and autumn as March, April and May.  
3.4.1 Lucerne dormancy groups and cultivars 
Four dormancy groups were evaluated, namely winter semi-dormant group, 
intermediate dormant group, winter active group and highly winter-active group. Two 
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lucerne cultivars were selected to represent each of the dormancy groups. Cultivars 
within each dormancy group were selected based on cultivars that are commonly 
cultivated in the region. The lucerne dormancy groups, activity class, cultivars and 
abbreviations selected for this study, are shown in Table 23. All lucerne cultivars 
were sown at a seeding rate of 15 kg ha-1 (Langenhoven, 1986; Botha, 1994; 
Oberholzer et al., 1996a; Lattimore, 2008).  
 
Table 23 Lucerne dormancy groups, activity class, cultivars and abbreviations. 
Dormancy group 
Activity class 
Cultivar 
Description Abbreviation Description Abbreviation 
Winter semi-
dormant 
D2 4 & 5 
Prosementi PRM 
WL 375 HQ WL357 
Intermediate 
dormant 
D3 6 & 7 
SA Standard SAS 
Aurora AUR 
Winter-active D4 8 & 9 
KKS 9911 K91 
WL 525 WL 525 
Highly winter-
active 
D5 10 & 11 
Sardi 10 SR10 
WL 711 WL 711 
Kikuyu    Existing pasture Kik 
 
The lucerne seed was treated with apron XL against pathogenic fungi such as 
Pythium spp. and Fusarium spp. (Langenhoven, 1986; Lombard, 1988; Botha 1994). 
It was also treated with dimethoate against red-legged earth mite (Halotydeus 
destructor), black sand mite (Halotydeus destructor) and lucerne flea (Sminthuris 
viridis) according to the methods described by Smit (1964), Langenhoven (1986), 
Bullen et al. (2002) and Botha (2002b). To ensure effective N-fixation, the lucerne 
seed was inoculated with Rhizobium meliloti bacteria prior to establishment 
(Straphorst and Strijdom, 1974; Douglas 1986; Langenhoven, 1986; Botha, 1994; 
Botha, 2002b). Four weeks after seedling emergence, the pasture was sprayed with 
a mixture of Molybdenum (Mo) (an element important for N-fixation) and omethoate 
(an insecticide against black sand mite and lucerne flea) at 130 gm ha-1 and 40 ml 
ha-1 respectively (Langenhoven, 1986, Botha 1994, Phillips and Miles, 1996; Botha 
2002b). The pre- and post-establishment treatment procedures of lucerne seed and 
seedlings treated with fungicide, pesticides and inoculant are shown in Table 24.  
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Table 24 The pre- and post-establishment treatment procedures of lucerne seed and seedlings treated with fungicide, pesticides 
and inoculant.  
Treatment 
period 
Purpose 
Commercial 
Product 
Dose Rate Technique 
Pre-
establishment 
    
  14 days (seed) 
Resistance to Black sand mite 
and Red-legged earth mite 
(pesticide) 
Dimethoate1 
600 ml (diluted 
with 4 L water) / 
100 kg seed 
The seed was thoroughly mixed with the dosage 
then it was spread in a cool shaded well aired area 
to dry 
  4 days (seed) 
Control Pythium spp., 
Phytophthora spp. and Fusarium 
spp. (fungicide) 
Apron XL2 
50 ml / 100 kg 
seed 
The seed was thoroughly mixed with the dosage 
then it was spread in a cool shaded well aired area 
to dry 
  Day of planting 
  (seed) 
Seed-inoculant adhesive Stimulym3 
1-1.5g / 0.3 L 
water 
The stimulym was dissolved in water and 
thoroughly mixed with seed, inoculant was added 
to seed and mixed until seeds were evenly coated 
with inoculant Inoculate seed with N-fixating 
bacteria 
Lucerne 
Inoculant4 
200g  / 12.5 kg 
seed 
Post- planting     
  28 days 
  (seedling) 
Black sand mite and lucerne flea 
(insecticide) 
Omethoate5 
40 ml  (diluted in 
250 L water)  / 
ha 
Dosage was mixed and applied with a boom spray 
to the seedlings 
1Active ingredient: dimethoate (organophosphate) 400 g/L; Reg. No. L6060 Act 36/1947; Villa Crop Protection (Pty) Ltd., P.O. Box 801, Kempton Park, 1620, RSA 
2Active ingredient: mefenoxam (phenylamide) 350 g/L; Reg. No. L6837 Act 36/1947; Syngenta South Africa (Pty) Ltd., Private Bag X60, Halfway House, 1685, RSA  
3 Contains 1 – 1.5 g sticker; Reg. No. 1989/004756/23; Stimuplant CC, P.O. Box 2013. Zwaverpoort, 0036, RSA 
4Active ingredient: Rhizobium meliloti bacteria 6.5 x 108 live cells / g; Reg. No. L5879 Act 36/1947; Stimuplant CC, P.O. Box 2013, Zwavelpoort, 0036, RSA 
5Active ingredient: omethoate (an anti-cholinesterase compound) 800g/L; reg. No. L2316 Act/ Act No. 36 of 1947. Sunbury Office Park, La Lucia ridge, South Africa 
4019 
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3.4.2 Establishment methods 
Three methods were selected to establish lucerne into kikuyu. The methods and 
their abbreviations are shown in Table 25.  
 
Table 25 Abbreviations of the three establishment methods. 
Establishment  method Abbreviation  
1) Glyphosate/Planter 
2) Glyphosate/Rotavate 
3) Rotavate  
Gly/Plant 
Gly/Rot 
Rot 
a) Glyphosate/Planter (Gly/Plant) method   
The Gly/Plant treatment was based on herbicidal control and the use of a no-till 
planter. Two weeks prior to establishment the kikuyu was sprayed with glyphosate 
systemic herbicide (5 L ha-1). After a two-week waiting period, the excess kikuyu was 
grazed by dairy cows (Figure 10) to a height of 50 mm above ground level and the 
remaining kikuyu mulched with a Nobili mulcher (Figure 11) to ground level 
(Cameron et al., 1990; Botha, 2003). The lucerne seed was then directly drilled into 
the kikuyu-base with an Aitchison no-till planter (Figure 12) and rolled with a Teff 
land roller (Figure 15) (Botha, 2003).  
 
b) Glyphosate/Rotavate (Gly/Rot) method 
The Gly/Rot treatment was based on herbicidal control and cultivation with a 
rotavator followed by broadcasting of the seeds by hand. Two weeks prior to 
establishment the kikuyu was sprayed with glyphosate at 5 L ha-1. After a two-week 
waiting period, the remaining kikuyu material was grazed with dairy cows to a height 
of 50 mm and all remaining kikuyu mulched to ground level (Cameron et al., 1990; 
Botha, 2003). The area was then cultivated to a depth of 100 – 120 mm with a 
rotavator (Figure 13) and then rolled with a Teff land roller to prepare a seedbed. 
The lucerne seed was then broadcast by hand (Figure 14) and the area was rolled 
again (Botha, 2003).  
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c) Rotavate (Rot) method 
The Rot treatment involved using a rotavator and broadcasting of the seed by hand. 
This is the only method where no herbicidal control was applied. The existing kikuyu 
was grazed to a height of 50 mm and all remaining kikuyu mulched to ground level 
(Cameron et al., 1990; Botha, 2003). The area was then rotovated with a Nobili 
rotavator and then rolled with a Teff land roller to prepare a seedbed. The lucerne 
seed was then broadcast by hand and the area rolled again (Botha, 2003).  
 
 
Figure 10 Pasture sprayed with systemic herbicide and grazed 14 days after 
application to remove excessive material. 
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Figure 11 Kikuyu pasture mulched (1.6 m Nobili mulcher with 24 blades) to ground 
level. 
 
 
Figure 12 Lucerne seed directly drilled into mulched kikuyu with a no-till planter (4 m 
Aitchison 3116C seedmatic no till planter with 16 rows). 
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Figure 13 Rotavating the area that has been mulched (1.55 m, Celli-model, rotavator 
with 36 vertical rotating blades). 
 
Figure 14 Broadcasting the seed by hand. 
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Figure 15 Rolling (2.33 m Teff land roller) the area after rotovating and seed 
establishment. 
 
3.5 Trial-layout 
The trial-layout was a randomized block design with three replicates. The treatment 
blocks (12 x 15 m) were randomly allocated to treatments within camps. Treatments 
consisted of eight lucerne cultivars established using three different over-sowing 
methods in a factorial design, resulting in 24 treatments. An additional treatment 
consisting of kikuyu alone was used as a control. Each treatment had three 
replicates resulting in 75 blocks. The trial-layout indicating the statistical design, 
combined abbreviations of establishing methods, dormancy groups and cultivars is 
shown in Table 26 .  
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Table 26 The trial-layout for the different treatments consisting of a combination of dormancy group (D), cultivar and establishment 
method. 
Establishment method Gly/Plant = Glyphosate planter Gly/Rot = Glyphosate rotavator Rot = Rotavator KIK = Kikuyu 
Dormancy group D2 = winter semi-dormant D3 = intermediate dormant D4 = winter-active D5 = highly winter-active 
Cultivar 
WL357 = WL357HQ AUR = Aurora WL525 = WL 525 WL 711 = WL 711 
PRM = Prosementi SAS = SA Standard K91 = KKS 9911 SR10 = Sardie 10 
Camp   1 Camp 2 Camp 3 Camp 4 Camp 5 Camp 6 
A A B A B A B A B A B 
 
    
     
 
8 
36 
D2 WL357 
Gly/Plant 
44 
D5 WL711 
Rot 
52 
D4 WL525 
Gly/Plant 
60 
D2 PRM 
Gly/Plant 
68 
D3 SAS 
Gly/Rot 
7 
7 
D4 K91 
Gly/Plant 
14 
D3 SAS 
Rot 
21 
D2 PRM 
Rot 
28 
D5 SR10 Rot 
35 
D2 PRM 
Gly/Rot 
43 
D4 WL525 
Gly/Rot 
51 
D3 SAS 
Rot 
59 
D1 WL357 
Rot 
67 
D5 SR10 
Gly/Rot 
75 
D4 K91 
Gly/Rot 
6 
6 
D2 PRM 
Gly/Plant 
13 
D2 WL357 
Rot 
20 
D4 K91 
Rot 
27 
D5 SR10 
Gly/Plant 
34 
D2 WL357 
Rot 
42 
D4 K91 
Gly/Rot 
50 
D4 K91 
Rot 
58 
D2 PRM 
Rot 
66 
D4 WL525 
Gly/Plant 
74 
D5 WL711 
Rot 
5 
5 
KIK 
12 
D5 WL711 
Gly/Rot 
19 
D3 SAS 
Gly/Rot 
26 
D2 WL 357 
Gly/Rot 
33 
D4 K91 
Gly/Plant 
41 
D5 SR10 
Gly/Rot 
49 
D3 AUR 
Gly/Plant 
57 
D2 PRM 
Gly/Rot 
65 
D4 WL525 
Rot 
73 
D4 K91 
Rot 
4 
4 
D4 WL525 
Gly/Rot 
11 
D3 AUR 
Rot 
18 
D3 SAS 
Gly/Plant 
25 
D3 AUR 
Gly/Rot 
32 
KIK 
40 
D3 SAS 
Gly/Rot 
48 
D4 WL525 
Rot 
56 
D2 WL357 
Gly/Rot 
64 
D5 SR10 
Gly/Plant 
72 
D3 SAS Rot 
3 
3 
D5 SR10 
Gly/Rot 
10 
D2 PRM 
Gly/Rot 
17 
D2 WL 357 
Gly/Plant 
24 
D2 PRM 
Gly/Plant 
31 
D3 SAS 
Gly/Plant 
39 
D3 AUR 
Rot 
47 
D5 WL711 
Gly/Rot 
55 
D3 AUR 
Gly/Plant 
63 
D4 WL525 
Gly/Rot 
71 
KIK 
2 
2 
D3 AUR 
Gly/Plant 
9 
D5 WL711 
Gly/Plant 
16 
D5 WL711 
Rot 
23 
D2 PRM Rot 
30 
D5 SR10 Rot 
38 
D5 WL711 
Gly/Plant 
46 
D3 SAS 
Gly/Plant 
54 
D2 WL357 
Gly/Plant 
62 
D5 SR10 Rot 
70 
D4 K91 
Gly/Plant 
1 
1 
D4 K91 
Gly/Rot 
8 
D4 WL525 
Gly/Plant 
15 
D4 WL525 
Rot 
22 
D2 WL357 
Gly/Rot 
29 
D3 AUR 
Gly/Rot 
37 
D5 SR10 
Gly/Plant 
45 
D3 AUR 
Gly/Rot 
53 
D3 AUR 
Rot 
61 
D5 WL711 
Gly/Rot 
69 
D5 WL711 
Gly/Plant 
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3.6 Grazing  
In order to evaluate the impact of grazing animals on the persistence of kikuyu-
lucerne pasture systems, pasture were strip grazed by Jersey cows after pasture 
measurements were taken. The area was grazed according to the grazing 
management guidelines for a lucerne pasture (Lodge, 1986, Phillips and Miles, 1996; 
McDondald, 2003). The first grazing commenced 12 weeks after establishment to 
ensure sufficient seedling establishment (Oberholzer et al., 1996b; McDonald et al., 
2003). After the first grazing, the area was grazed every 35 days (Durand, 1993; 
Oberholzer et al., 1996b). As result of the difficulty in measuring pasture yield by 
indirect methods such as the RPM on mixed lucerne/grass pastures, visual 
observation was used to estimate and allocate cows to achieve a post-grazing height 
of 50mm (Botha, 1998; Botha, 2003; Lattimore, 2008). Jersey cows were merely 
used to utilise the pastures and no animal based data was collected  
3.7 Data collection 
3.7.1 Seedling emergence  
To determine plant survival, the surviving seedlings and established seedlings were 
counted. The seedlings were counted every two weeks from the establishment date 
up to a minimum of four weeks after establishment to ensure that all seedlings with 
the potential to germinate were counted. Alternatively, seedling counts terminated 
once numbers remained similar after two consecutive counts (Douglas and Foote, 
1994). Counts (frame counts; Vogel et al., 1983) were done on a permanent 0.5 m x 
1.0 m quadrat per plot (Neal et al., 2009). The area on which counts were taken was 
marked for each plot so that the seedling counts were taken at the same site 
throughout the study. A metal frame was made to the size of the quadrat and it was 
subdivided into smaller blocks (0.1 m x 0.1 m) to ease counting the number of 
seedlings (Vogel et al., 1983).  
 
The emergence success was calculated (equation 1) by combining the methods 
used by Reed et al. (2008) and Sanderson et al. (2005) into the following formula: 
 
 (1) 
81 
 
 
3.7.2 Plant persistence   
“Persistence of a species is defined as maintenance over time of a population” (‘t 
Mannetje and Jones, 2000) or in this case the ability of counted plants to occur at 
successive counts over time. Plant persistence was measured when records were 
taken of whether part of a living plant falls within the grid and frequency calculated as 
number of hits within a grid (Nie et al., 2008; Li et al., 2010), with persistence 
expressed as a percentage (Reed et al., 2008). Frequency counts were done on 
permanent 0.5 m x 1 m quadrats that have been divided into 0.1 m by 0.1 m squares 
or 50 squares per grid (Dowling and Robinson, 1976; Lowe and Bowdler, 1995; 
Reed et al., 2008). Persistence was determined once at the end of a season, namely 
August for winter, November for spring, February for summer and May for autumn 
(Neal et al., 2009). Persistence data were collected 10 days after a grazing event to 
optimise the visibility of regrowth (Coumo et al., 2001). Persistence was determined 
from the difference in frequency between two dates (Lowe and Bowdler, 1995). The 
persistence of lucerne was viewed as one that showed a stable or increasing plant 
frequency (Nie et al., 2008).   
3.7.3 Plant production measurements 
The total DM production (kg DM ha-1), growth rate (kg DM ha-1 day-1), DM content 
(%) and botanical composition (%) of the pasture were determined before grazing for 
each treatment and replicate. It was determined by cutting three 0.25 m-2 quadrats 
randomly within an each plot to a height of 50 mm (Botha, 2003). These wet material 
samples were weighed, then pooled and thoroughly mixed. A grab sample of 
approximately 500 g was taken from the pooled sample to determine the DM 
content. This sample was dried in an oven at 60 ºC for 72 hours and weighed again 
to give dry mass (Botha, 2003; Fenthum-Vermeulen, 2009). To determine the DM 
content the wet- and dried-weight of the grab sample was used for the calculations 
(equation 2).   
 
            (2) 
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Dry matter production (kg DM ha-1) was determined using the measured weight of 
the original three wet samples. The data of the wet weighed samples (A, B and C) 
were used to determine the DM production (equation 3). 
 
(3) 
3.7.4 Botanical composition 
Botanical composition of the pasture was determined before grazing commenced by 
allocating three 0.25 m-2 quadrats randomly within an experimental plot. Samples 
were cut to a height of 50 mm (Botha et al., 2008a; Li et al., 2010). The three 
samples were pooled, thoroughly mixed and a grab sample of approximately 1 kg 
plant material taken and separated into five fractions. The five fractions were 
lucerne, kikuyu, broadleaf weeds, other grasses and clover. Broadleaf weeds 
consisted primarily of stinging nettle (Urtica dioica), cape marigold (Arctotheca 
calendula), flax-leaf fleabane (Conyza bonariensis) and shepherd’s purse (Capsella 
bursa-pastoris) (Bromilow, 2001). The clover (Triofolium spp.) and other grass 
fraction (Bromus catharticus; Lolium spp.) were not part of the sown species and 
occurred naturally (Van Oudshoorn, 2012). These two fractions were not allocated 
as part of the weed fraction, as they may have had an effect on the nutritive value of 
the pasture. The fractioned samples were dried at 60 ºC for 72 hours, weighed and 
the percentage contribution of each fraction was calculated on a DM basis (Botha, 
2003; Fenthum-Vermeulen, 2009). 
3.7.5 Nutritive value  
The nutritive value was determined seasonally by placing three 0.25 m-2 quadrats 
within an experimental plot and the herbage samples cut to a height of 50 mm 
(Botha et al., 2008a; Li et al., 2010). The fractioned lucerne sample, used to 
determine the botanical composition, was also used to determine the nutritive value 
of the lucerne component. Samples from the kikuyu pasture were used to determine 
the nutritive value of the kikuyu component.  
 
The samples were dried at 60 ºC for 72 hours (Botha, 2003; Fenthum-Vermeulen, 
2009) and then pooled. The grouping of samples used to determine the seasonal 
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nutritive value is shown in Table 27. The pooled samples were milled with a hammer 
mill (SWC Hammer mill, 1 mm sieve) (Fenthum-Vermeulen, 2009).  
 
The samples were analysed by standard procedures for in vitro organic matter 
digestibility (IVOMD; Tilley and Terry, 1963), CP (AOAC, 2000a), neutral detergent 
fibre (NDF; Robertson and van Soest, 1981), calcium (Ca; Giron, 1973) and 
phosphorus (P; AOAC, 2000b). Metabolisable energy (ME, MJ kg-1 DM) was 
calculated from IVOMD (ME = 18.4 x IVOMD x 0.81; ARC, 1984; MAFF, 1984).  
 
Table 27 The cultivars used for each dormancy group and within planting methods to 
determine the seasonal nutritive value of pooled samples of replicates 1, 2 and 3.  
Analysed samples 
Dormancy group Establishment method Cultivars 
D2 
Gly/Planter 
PRM + WL357 
D3 SAS + AUR 
D4 K91 + WL 525 
D5 SR10 + WL 711 
D2 
Gly/Rot 
PRM  + WL357 
D3 SAS + AUR 
D4 K91 + WL 525 
D5 SR10 + WL 711 
D2 
Rot 
PRM + WL357 
D3 SAS + AUR 
D4 K91 + WL 525 
D5 SR10 + WL 711 
Kikuyu (control) 
3.7.6 Statistical analysis 
The study is a randomised complete block design (RCBD) with 24 treatment 
combinations and a control (Kikuyu) replicated in three blocks. The treatment design 
is a factorial with two factors, establishment methods with three levels as listed and 
cultivar with eight levels as listed. Two cultivars were nested in four dormancy 
groups. This structure was taken into account in the statistical analyses. The data for 
production were summarized over harvest, seasons and years. The averages of 
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percentage production and growth rate were analysed in similar manner. Seven 
different linear models were fitted to the data. Basic analyses were carried out for 
each date, comparing establishment methods and cultivars within dormancy groups; 
then summed or averaged over harvest for each season and year, comparing 
season sums and averages in a specific year; sums/averages over seasons in a 
specific year and lastly sum/averages over years comparing treatments 
(establishment methods and cultivar and dormancy groups). Analyses of variance 
(ANOVA) were performed, using SAS/STAT software, Version 9.2 (SAS Institute, 
Inc, 2008). The Shapiro-Wilk test (Shapiro and Wilk, 1965) was performed to test 
normality of residuals and Fischer’s t-LSD (least significant difference) was 
calculated at a 5% significance level to compare treatment means. 
 
The two factors were: 
1.) Establishment methods with three levels  
a) Glyphosate/Planter 
b) Glyphosate/Rotavate 
c) Rotavate  
2.) Cultivars with eight levels 
a) Prosementi 
b) WL 375 HQ 
c) SA Standard 
d) Aurora 
e) KKS 9911 
f) WL 525 
g) Sardi 10 
h) WL 711   
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Chapter 4 
Results and discussion 
4.1 Seedling emergence 
The 1000 seed mass and number of seeds sown per m-2 at a seeding rate of 15 kg 
ha-1 for lucerne are shown in Table 28. The number of lucerne seeds m-2 ranged 
between 527 and 694 depending on the cultivar. McDonald et al. (2003) reported 
that lucerne sown at 15 kg ha-1 had a seeding density of 660 seeds m-2. With the 
exception of the cultivar PRM, the seeding density of the semi-winter dormant 
(WL357) and intermediate-winter dormant (SAS and AUR) cultivars was above this 
value while it was below it for the winter-active (K91 and WL 525) and highly winter-
active (SR10 and WL 711) cultivars. 
Table 28 Lucerne cultivars, their 1000 seed mass and the amount of seed m-2 when 
sown at a seeding rate of 15 kg ha-1. 
Lucerne cultivar 
1000 seed mass 
(g/1000 seed) 
 Amount of seed sown m-2 
(15 kg ha-1) 
PRM 2.39  627 
WL357 2.27  661 
SAS 2.24  660 
AUR 2.16  694 
K91 2.85  527 
WL 525 2.62  573 
SR10 2.62  573 
WL 711 2.81  533 
 
The number of seedlings per m2 of lucerne established into kikuyu at a seeding rate 
of 15 kg ha-1 is shown in Table 29. The cultivar SAS had the lowest (p < 0.05) and 
did not differ significantly from some of the lowest seedlings count when compared 
over days after establishment and over cultivars. The number of seedlings was lower 
(p < 0.05) at 42 days than 15 days for the cultivars PRM, K91, WL525 and WL 711. 
The cultivars WL375, SAS, AUR and SR10 had no significant differences in seedling 
count m-2 at 15, 26 and 42 days after establishment. At 15 days the seedlings m-2 of 
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the cultivar K91 was not significantly different (p > 0.05) from that of PRM, WL525, 
SR10 and WL 711, but higher (p < 0.05) than the rest. At 42 days the seedlings m-2 
of the cultivar AUR was higher (p < 0.05) than SAS, but did not differ significantly 
from the rest. However, all cultivars had a lower establishment density than the 450 
m-2 recommended by McDonald et al. (2003). After 42 days, the counting of 
seedlings was terminated as it became difficult to identify the individual seedlings. 
Table 29 The number of seedlings per m2 of lucerne established into kikuyu at a 
seeding rate of 15 kg ha-1. 
Lucerne cultivar Seedlings m-2 
 Days after establishment 
 15 26 42 
PRM 541 ab 415 cdef 410 cdef 
WL357 453 bcde 433 bcdef 389 defg 
SAS 276 ghi 200 i 228 hi 
AUR 470 bcde 418 cdef 425 bcdef 
K91 598 a 515 abc 416 cdef 
WL 525 498 abcd 418 cdef 363 efg 
SR10 511 abc 429 bcdef 402 cdef 
WL 711 510 abc 396 cdef 323 fgh 
LSD  119.2 
abcd Means with no common superscript differed significantly compared over days 
after establishment, LSD (p < 0.05)  
 
The number of lucerne seedlings per m2 when established into kikuyu with three 
different establishment methods at a seeding rate of 15 kg ha-1 is shown in Table 30. 
The establishment method only affected seedlings per m2 within cultivars WL375 
and K91, with the Gly/Rot method achieving a higher (p < 0.05) seedling density than 
the Gly/Plant method. The Rot establishment method was the only method where 
there were no significant differences in number of seedlings per m2 between all the 
cultivars. 
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Table 30 The number of seedlings per m2 when lucerne was established into kikuyu 
with three different establishment methods at a seeding rate of 15 kg ha-1.  
Lucerne  
cultivar 
Establishment method 
Gly/Plant Gly/Rot Rot 
PRM 434 bcd 540 ab 391 bcd 
WL357 269 cde 541 ab 376 bcde 
SAS 132 e 212 de 360 bcde 
AUR 301 bcde 487 abc 525 ab 
K91 337 bcde 691 a 500 abc 
WL 525 422 bcd 428 bcd 428 bcd 
SR10 414 bcd 484 abc 445 abcd 
WL 711 434 bcd 295 bcde 453 abcd 
LSD 252.5 
abcd Means with no common superscript differed significantly compared over 
establishment methods, LSD (p < 0.05) 
The number of seedlings per m2 established into kikuyu for the different lucerne 
dormancy groups using three different methods is shown in Table 31. Also shown is 
the establishment percentage related to the amount of seed sown per m2. The 
establishment method produced no significant difference for seedling density within 
the dormancy groups D2 and D5. A higher (p < 0.05) seedling count was produced 
by different methods within the D4 and D5 dormancy groups. The Rot establishment 
method was the only one where all dormancy groups had no significant difference in 
seedling per m2 value. According to McDonald et al. (2003), the average 
establishment percentage should be about 68%. Dormancy group D3 established 
with the Gly/Plant method had 34% seedlings established and D3 established with 
Gly/Rot method had 54%. These were the lowest (p < 0.05) establishement 
percentages out of the different dormancy groups. However, when D3 was 
established with the Rot method and with no herbicide, then the percentage of 
seedlings was 69% and the seedlings per m2 did not differ significantly (p > 0.05) 
from the highest number of seedlings per m2 (443 m-2). Therefore, D3 established 
with the Rot method meets the average establishment percentage of lucerne 
seedlings as suggested by McDonald et al. (2003). The Gly/Rot and Rot 
establishment methods had an overall higher percentage of seedlings compared to 
the Gly/Plant establishment method. This does not agree with the findings of Janson 
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and White (1971) who found that establishing lucerne by over drilling produced a 
higher percentage of seedlings.  
Table 31 The number of seedlings per m2 for the different lucerne dormancy groups 
when established into kikuyu with three different establishment methods and the 
establishment percentage related to the amount of seed sown per m2. 
Establishment 
method 
Gly/Plant Gly/Rot Rot Amount of 
seed sown 
m-2 
Dormancy 
group 
Seedling 
m-2 
% 
Seedling 
m-2 
% 
Seedling 
m-2 
% 
D2 368 bcd 57 541 ab 84 383 bcd 60 644 
D3 217 d 34 349 cd 54 443 abc 69 682 
D4 380 bcd 59 560 a 87 464 abc 72 550 
D5 426 abc 66 408 abc 63 449 abc 70 553 
LSD 73.0  
abcd Means with no common superscript differed significantly compared over 
establishment methods, LSD (p < 0.05) 
4.2 Persistence of lucerne  
The seasonal persistence percentage for lucerne cultivars combined into dormancy 
groups and established into kikuyu is shown in Table 32. The persistence of lucerne 
varied between 27% and 90% during year 1 and between 4% and 63% during year 
2. The dormancy groups D3, D4 and D5 established with the Gly/Plant method and 
D2 established with the Gly/Rot method had over seasons and dormancy groups a 
higher (p < 0.05) persistence of lucerne than the other groups during year 1. The 
dormancy group D5, when established with the Gly/Plant method during winter of 
year 2, had no significant difference for lucerne persistence (%) as compared to 
most of the dormancy groups during winter, spring and summer of year 2. Dormancy 
group D5 established with the Gly/Plant method also had a no significant difference 
compared to D5 and D2 established with Rot method during winter of year 2 but 
higher (p < 0.05) than the rest of the treatments over seasons, establishment 
methods and dormancy groups. Although not statistically analysed, there is a clear 
trend for a decline in lucerne persistence for all of the establishment methods from 
spring year 1 to autumn year 2. Lodge (1986) also found a decline of lucerne 
persistence over time and stated that it was due to an increase in grass content. 
Phillips and Miles (1996) found that under grazing conditions, the winter-dormant 
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varieties (D2 and D3) were more persistent than the winter-active varieties (D4 and 
D5). However, in this study there were no differences between the persistence of the 
dormant varieties compared to the non-dormant varieties within establishment 
methods during autumn of year 2.  
Establishment methods that produced higher (p < 0.05) lucerne seedlings counts 
(Table 31) did not necessarily result in higher (p < 0.05) lucerne persistence. At the 
end of the two-year period, when comparing different establishment methods within 
dormancy groups, the lucerne persistence of the Gly/Plant and Gly/Rot 
establishment methods were higher (p < 0.05) and did not differ significantly from the 
Rot establishment method, although it was never lower (p < 0.05) than for Rot 
establishment method. Thus, although rotavation resulted in higher seedling 
emergence (Table 30) when establishing lucerne in kikuyu, the use of an herbicide, 
such as glyphosate, resulted in improved lucerne persistence over years. Results 
thus indicate the method of establishing lucerne into kikuyu has a greater influence 
on the persistence of lucerne compared to the dormancy groups.  
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Table 32 Seasonal lucerne persistence (%) for lucerne cultivars combined into dormancy groups and established into kikuyu with 
different establishment methods for year 1 and year 2. 
 Year 1 Year 2 
Establishment 
method 
Dormancy 
group 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Plant 
D2 - 70.3 cdefg 87.8 ab 65.2 defghi 57.3 abc 51.0 abcdef 60.7 ab 29.3 jklmnopqr 
D3 - 52.3 hijklmnop 56.8 efghijklmn 44.5 lmnopq 48.5 abcdefg  28.0 klmnopqrs 28.0 klmnopqrs 34.0 fghijklmno 
D4 - 56.0 fghijklmn 75.3 abcd 56.3 fghijklmn 47.7 abcdefgh 46.3 abcdefghi 23.3 mnopqrst 19.2 opqrstuv 
D5 - 68.3 cdefgh 83.0 abc 67.0 cdefgh 62.7 a 55.3 abcd 32.8 fghijklmno 31.7 hijklmnop 
Gly/Rot 
D2 - 90.3 a 90.0 a 59.7 defghijkl 43.3 cdefghijkl 45.7 bcdefghij 44.0 bcdefghijk 23.0 mnopqrstu 
D3 - 47.7 klmnopq 50.7 ijklmnop 32.7 qr 26.0 mnopqrs 21.2 nopqrstu 21.3 nmopqrstu 15.8 pqrstuvw 
D4 - 58.0 efghijklmn 59.3 defghijklm 43.2 mnopqr 38.7 defghijklm 31.8 ghijklmnop 14.8 rstuvw 19.8  nopqrstuv 
D5 - 61.7 defghijk 57.3 efghijklmn 37.3 pqr 30.2 hijklmnopq 24.3 nopqrstu 26.6 lmnopqrs 12.5 stuvw 
Rot 
D2 - 72.0 bcdef 72.3 bcde 52.8 hijklmnop 52.2 abcd 33.5 fghijklmno 34.5 efghijklmn 6.50 vw 
D3 - 54.7 ghijklmno 37.3 pqr 27.2 r 31.5 hijklmnopq 12.8 rstuvw 8.67 tuvw 4.33 uvw 
D4 - 64.7 fghij 53.0 hijklmnop 38.5 opqr 39.0 defghijkl 23.0 mnopqrstu 15.8 pqrstuvw 12.7 rstuvw 
D5 - 54.3 ghijklmno 48.8 jklmnopq 42.0 nopqr 48.7 abcdef 28.5 klmnopqrs 17.7 opqrstuv 17.5 opqrstuvw 
Kikuyu - 0 s 0 s 0 s 0 w 0 w 0 w 0 w 
LSD 16.33 16.74 
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05)  
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4.3 Botanical composition  
4.3.1 Lucerne content 
The seasonal lucerne content (%) for lucerne cultivars established into kikuyu with 
different establishment methods are shown in Table 33 and Table 34, respectively.  
The cultivars K91, SR10 and WL711 established using the Gly/Plant method were 
the only treatments that had the highest (p < 0.05) or did not differ significantly from 
the highest lucerne content during all seasons in year 1. During year 2, the cultivars 
SR10 and WL711 had a similar trend when established using Gly/Plant method, 
these cultivars are highly winter-active cultivars. Although the cultivars PRM and 
WL357 established using Gly/Plant and Gly/Rot method did not have a high winter 
lucerne content during year 1, they had the highest (p < 0.05) and did not differ 
significantly from some of the other highest lucerne content from spring to autumn. 
During year 2, this was similar for the cultivar WL375, but not for PRM. These 
cultivars are semi-winter dormant and intermediate-winter dormant resulting in 
lowered production during winter, which would affect the lucerne content (Durand, 
1993). None of the cultivars maintained a lucerne content similar (p > 0.05) to the 
highest value within season from winter to autumn or spring to autumn when 
established using the Rot method. The lucerne content of most cultivars and 
seasons during year 1 and year 2 were higher (p < 0.05) when established with the 
Gly/Plant and Gly/Rot method compared with the Rot method.  
For all three methods, the lucerne content varied according to the lucerne cultivar 
established. For establishment methods where herbicidal control was part of 
establishment practice, the cultivars PRM and WL357 had the highest and did not 
differ significantly (p > 0.05) from some of the other highest lucerne content during 
spring summer and autumn, while that of the other cultivars varied. 
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Table 33 Seasonal lucerne content (%) for lucerne cultivars established into kikuyu 
with different establishment methods for year 1. 
Establishment  
method 
Cultivar Winter Spring Summer Autumn 
Gly/Plant 
PRM 30.8 cdefgh 54.8 a 85.6 ab 73.8 ab 
WL357 19.4 hij 45.8 abcd 84.9 abc 76.2 a 
SAS 19.5 hij 22.1 fgh 64.5 ghij 62.5 abcdef 
AUR 22.8 fghi 24.4 efgh 66.4 fghij 54.1 cdefg 
K91 45.8 ab 49.8 ab 83.4 abcd 75.5 ab 
WL 525 43.1 abc  52.5 a 71.0 defghi 67.6 abcd 
SR10 36.8 abcde 45.3 abc 78.3 abcdef 75.3 ab 
WL 711 40.1 abc 49.8 ab 77.0 abcdefg 78.3 a 
Gly/Rot 
PRM 23.1 fghi 46.8 abc 82.3 abcde 63.1 abcdef 
WL357 14.1 ij 45.1 abc 89.4 a 76.8 a 
SAS 19.5 hij 19.6 fgh 65.6 fghij 64.6 abcd 
AUR 33.3 bcdefg 26.8 efgh 47.9 lm 40.3 gh 
K91 35.5 abcdef 44.9 abc 71.5 cdefghi 70.5 ab 
WL 525 46.8 a 47.1 abc 73.9 bcdefgh 73.9 ab 
SR10 37.4 abcde 39.3 abcde 68.2 fghij 64.1 abcde 
WL 711 31.7 cdefgh 26.9 efgh 62.7 hijk 69.7 abcd 
Rot 
PRM 22.3 ghi 40.6 abcde 74.3 bcdefgh 59.7 bcdef 
WL357 15.1 ij 34.8 bcdef 69.1 efghij 47.0 fgh 
SAS 9.07 jk 11.5 hi 34.4 m 34.1 h 
AUR 24.6 efghi 17.3 gh 49.6 kl 34.9 h 
K91 26.3 defghi 32.5 cdefg 59.2 ijkl 64.1 abcde 
WL 525 43.4 abc 29.5 defg 61.6 hijkl 48.1 efgh 
SR10 20.0 hij 17.8 gh 56.0 jkl 54.1 defg 
WL 711 39.0 abcd 40.8 abcde 62.9 hijk 65.1 abcd 
Kikuyu 0 k 0 i 0 n 0 i 
LSD 12.79 16.66 13.57 16.39 
abcd Means with no common superscript differed significantly compared within seasons, LSD 
(p < 0.05) 
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Table 34 Seasonal lucerne content (%) for lucerne cultivars established into kikuyu 
with different establishment methods for year 2. 
Establishment 
method 
Cultivar Winter Spring Summer Autumn 
Gly/Plant 
PRM 38.0 defg 45.1 abcd 56.8 abcde 41.3 cdefgh 
WL357 33.2 efgh 50.2 abc 73.5 ab 67.5 ab 
SAS 37.4 defg 22.2 ghi 26.5 ghi 25.8 fghij 
AUR 35.0 efg 27.0 efghi 29.9 fghi 29.5 defghij 
K91 55.0 bcd 44.5 abcde 44.6 cdefgh 29.6 defghij 
WL 525 74.3 a 32.6 cdefgh 34.6 efghi 23.6 fghijk 
SR10 62.7 ab 50.7 ab 60.7 abcd 51.7 abcde 
WL 711 66.6 ab 61.2 a 65.7 abc 52.0 abcd 
Gly/Rot 
PRM 37.2 defg 54.6 ab 76.1 a 44.3 bcdefg 
WL357 20.1 ghi 53.2 ab 76.1 a 70.2 a 
SAS 39.4 cdef 38.6 bcdefg 54.1 abcdef 57.3 abc 
AUR 27.9 fgh 12.8 ij 16.2 ij 16.2 hijk 
K91 50.5 bcde 32.5 cdefg 35.4 defghi 41.1 cdefgh 
WL 525 66.5 ab 55.9 ab 38.7 defghi 36.2 cdefghi 
SR10 58.6 ab 30.2 defghi 31.1 fghi 21.5 ghijk 
WL 711 58.8 ab 27.3 defghi 38.7 defghi 47.8 abcdef 
Rot 
PRM 39.9 cdef 44.6 abcde 40.1 cdefghi 22.1 ghijk 
WL357 8.69 ij 25.5 fghi 33.6 efghi 8.74 jk 
SAS 33.3 efgh 19.8 hi 23.2 ghij 9.64 jk 
AUR 16.6 hij 20.5 hi 16.0 i 10.8 ijk 
K91 57.6 abc 31.7 defgh 37.9 defghi 35.3 cdefghi 
WL 525 59.2 ab 30.3 defghi 22.1 hij 5.34 jk 
SR10 50.3 bcde 30.5 defghi 27.9 ghi 16.4 hijk 
WL 711 60.3 ab 42.0 bcdef 48.3 bcdefg 26.3 efghij 
Kikuyu 0 j 0 j 0 j 0 k 
LSD 18.30 17.97 25.63 25.54 
abcd Means with no common superscript differed significantly compared within seasons, LSD 
(p < 0.05) 
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The seasonal lucerne content (%) for lucerne cultivars combined in dormancy groups 
and established into kikuyu are shown in Table 35. This table shows that the 
dormancy groups and establishment methods affect the seasonal lucerne content.  
When comparing within season, D4 and D5 established using the Gly/Plant method 
maintained the highest (p < 0.05) and did not differ significantly from some of the 
highest seasonal lucerne content during spring, summer and autumn in year 1 but 
was higher than the rest. During year 2, D5 but not D4, established using Gly/Plant 
method again achieved the highest (p < 0.05) and did not differ significantly from 
some of the highest seasonal lucerne content over seasons when comparing within 
season. This is in agreement with the findings in Table 33 and Table 34 where 
winter-active cultivars SR10 and WL711 maintained a high lucerne content over 
seasons when established using the Gly/Plant method. Dormancy group D2 
established using Gly/Plant and Gly/Rot methods had the highest (p < 0.05) and did 
not differ significantly from some of the highest lucerne content within season during 
spring, summer and autumn during year 1 and year 2, but not during winter. During 
winter of year 2, D4 and D5 had a higher (p < 0.05) lucerne content than D2 and D3 
for all of the establishment methods. Dormancy group D4 and D5 are winter-active 
and have higher production during winter when compared with the winter dormant 
groups D2 and D3 (Durand, 1993).  
The dormancy groups D2, D4 and D5 established with Gly/Plant method and D2 
established with the Rot method had the highest (p < 0.05) and did not differ 
significantly from some of the highest lucerne content compared to all the other 
treatments and seasons during summer and autumn of year 1. During winter and 
summer of year 2, the dormancy groups D2, D4 and D5 established with the 
Gly/Plant method and D2 established with the Gly/Rot method had the highest (p < 
0.05) and did not differ significantly from some of the other highest lucerne content 
compared to all the other treatments and seasons.  
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Table 35 Seasonal lucerne content (%) for lucerne cultivars combined in dormancy groups established into kikuyu with different 
establishment methods for year 1 and year 2. 
  Year 1 Year 2 
Establishment 
 method 
Dormancy 
group 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Plant 
D2 25.1 rstu 50.3 ghijk 85.2 a 75.0 bc 35.6 fghijk 47.7 cdef 65.1 ab 54.4 bcd 
D3 21.2 tuv 23.3 stuv 65.4 cde 58.3 defg 36.2 fghijk 24.6 klmno 28.2 hijklmno 27.6 hijklmno 
D4 44.4 ijklmn 51.2 fghij 77.2 ab 71.6 bc 64.6 ab 38.6 efghi 39.6 efgh 26.6 hijklmno 
D5 38.4 lmnop 47.6 hijkl 77.7 ab 76.8 ab 64.7 ab 56.0 bcd 63.2 ab 51.9 bcde 
Gly/Rot 
D2 18.6 uv 45.9 ijklm 85.9 a 70.0 abc 28.7 hijklmno 53.9 bcd 76.1 a 57.2 bcd 
D3 26.4 qrstu 23.2 stuv 56.8 efgh 52.5 fghi 33.7 ghijkl 25.7 ijklmmno 35.2 fghijk 36.9 fghijk 
D4 41.2 klmno 46.0 ijklm 72.7 bc 72.2 bc 58.5 bc 44.2 defg 37.1 fghijk 38.7 fghi 
D5 34.5 opqr 33.1 opqr 65.4 cde 66.9 bc 58.7 bc 28.8 hijklmno 35.1 fghijk 34.7 fghijkl 
Rot 
D2 18.7 uv 37.7 mnop 71.7 bc 53.3 fghi 24.3 klmno 35.3 fghijk 36.8 fghijk 15.4 op 
D3 16.9 uv 14.4 v 42.0 jklmno 34.5 opqr 25.0 jklmno 20.1 nop 19.6 nop 10.2 pq 
D4 34.9 nopq 31.0 pqrs 60.2 def 56.1 efgh 58.4 bc 31.0 ghijklmn 29.3 hijklmn 20.3 mnop 
D5 29.5 pqrst 29.3 pqrst 59.5 defg 59.6 defg 55.3 bcd 36.3 fghijk 38.1 fghi 21.4 lmnop 
Kikuyu 0 w 0 w 0 w 0 w 0 q 0 q 0 q 0 q 
LSD 9.65 13.46 
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05)  
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Seasonal lucerne content (%) for lucerne established into kikuyu with different 
establishment methods is shown in Table 36. This table shows how the 
establishment methods affect the seasonal lucerne content.  
During year 1, summer and autumn had a higher (p < 0.05) lucerne content than 
winter and spring for all of the establishment methods. During spring, summer and 
autumn the establishment methods Gly/Plant and Gly/Rot had higher (p < 0.05) 
lucerne content than the Rot establishment method within all seasons of year 1. 
During winter of both year 1 and year 2 the lucerne content between establishment 
methods had no significant differences. The Gly/Plant and Gly/Rot establishment 
methods had a higher (p < 0.05) lucerne content than Rot during summer and 
autumn for year 2. 
For the establishment methods Gly/Plant and Gly/Rot, the seasonal lucerne content 
was was not significantly differerent (p > 0.05) for all seasons during year 2 when 
comparing within method. The lucerne content for the Rot establishment method was 
not significantly different (p > 0.05) during winter, spring and summer and was lowest 
(p < 0.05) (16.8%) during autumn of year 2. There was a trend for a higher (p < 0.05) 
seasonal lucerne content in treatments where a herbicide was used during 
establishment, specifically during summer and autumn. The Rot establishment 
method was the only method that showed a decline in lucerne content from winter to 
autumn in year 2. This is in agreement with previous results (Table 33 and Table 34) 
in this section where none of the cultivars or dormancy groups maintained a high 
lucerne content over seasons when established using the Rot method. 
Seasonal lucerne content (%) for lucerne dormancy groups established into kikuyu 
are shown in Table 37. This table shows how the different dormancy groups affect 
the seasonal lucerne content.  
The highest (p < 0.05) lucerne content during year 1 was achieved during summer 
by D2. During year 2 the lucerne content for D2 during summer and D4 and D5 
during winter was the highest (p < 0.05). The seasonal lucerne content during 
summer and autumn was higher (p < 0.05) than during winter and spring for all of the 
dormancy groups during year 1. During year 2 the lucerne content of D2 was higher 
(p < 0.05) during spring, summer and autumn than winter. The dormancy group D3, 
over all seasons had a lucerne content that was not significantly different (p > 0.05), 
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while for D4 and D5 it was higher (p < 0.05) during winter than other seasons during 
year 2.  
 
During winter of year 1 and year 2, D4 and D5 had a higher (p < 0.05) lucerne 
content than D2 and D3. Dormancy groups D4 and D5 are winter-active and highly 
winter-active, which have a higher winter production than the semi-winter dormant 
and intermediate-winter dormant groups resulting in higher lucerne content (Durand, 
1993).  
The dormancy groups D2, D4 and D5 had higher (p < 0.05) lucerne contents than D3 
during summer and autumn of year 1. Earlier tables (Table 33 and Table 34) showed 
that the cultivars (AUR and SAS) belonging to this dormancy group (D3) tended to 
have a lower lucerne content irrespective of establishment method. During spring, 
summer and autumn most of the dormancy groups had a lucerne content that were 
not significantly different (p > 0.05) within dormancy groups during year 2.  
The dormancy groups D4 and D5 had a decrease in lucerne content from winter to 
autumn of year 2. As discussed in section 4.2, the lucerne persistency decreased 
from year 1 to year 2 and as a result, the lucerne content was affected. It was found 
that a decline in lucerne over time was due to an increase in the grass content 
(Lodge, 1986), which will be discussed in section 4.3.2. Botha et al. (2008a) had 
similar results in kikuyu-legume pastures where an increase of the kikuyu content 
resulted in a decreased legume content. 
Lucerne content was affected by both dormancy group and establishment method. 
Dormancy group D5 tended to maintain a high (p < 0.05) lucerne content throughout 
all seasons, while D2 achieved high (p < 0.05) lucerne contents during spring, 
summer and autumn. The seasonal changes in the lucerne content according to 
dormancy groups needs to be considered for the fodder flow program and it could 
have an effect on the nutritive value of the pasture which will be discussed in section 
4.6. Higher lucerne contents were achieved when an herbicide was used in 
conjunction with a planter or rotavator than when the rotavator was used alone. 
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Table 36 Seasonal lucerne content (%) for lucerne established into kikuyu with different establishment methods during year 1 and 
year 2. 
 Year Year 1 Year 2 
Establishment method Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Plant 32.3 fg 43.1 e 76.4 a 70.4 ab 50.3 a 41.7 ab 49.0 a 40.1 abc 
Gly/Rot 30.2 fg 37.1 ef 70.2 ab 65.4 bc 44.9 ab 38.2 bc 45.9 ab 41.9 ab 
Rot  25.0 g 28.1 g 58.3 cd 50.9 d 40.7 abc 30.7 c 30.9 c 16.8 d 
Kikuyu 0 h 0 h 0 h 0 h 0 e 0 e 0 e 0 e 
LSD 7.72 10.72  
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05) 
 
 
Table 37 Seasonal lucerne content (%) for lucerne dormancy groups established into kikuyu for year 1 and year 2. 
 Year 1 Year 2 
Dormancy group Winter Spring Summer Autumn Winter Spring Summer Autumn 
D2 20.8 h 44.6 de 80.9 a 61.1 b 29.5 def 45.6 b 59.3 a 42.3 b 
D3 21.5 h 20.3 h 54.7 c 48.4 cd 31.6 cdef 23.5 f 27.6 def 24.9 ef 
D4 40.2 efg 42.7 def 70.0 b 66.6 b 60.5 a 37.9 bcd 35.3 bcde 28.6 def 
D5 34.1 g 36.7 fg 67.5 b 67.8 b 59.5 a 40.3 bc 45.5 b 36.0 bcd 
Kikuyu 0 i 0 i 0 i 0 i 0 g 0 g 0 g 0 g 
LSD 7.60 10.55 
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05) 
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4.3.2 Kikuyu content 
The seasonal kikuyu content (%) for lucerne cultivars combined in dormancy groups 
and established into kikuyu are shown in Table 38. The kikuyu pasture during 
summer and autumn had the highest (p < 0.05) and did not differ significantly from 
the other highest kikuyu content during year 1 and year 2. The kikuyu content in the 
kikuyu pasture was not significantly different (p > 0.05) to lucerne-kikuyu treatments 
during winter of year 1, but was higher (p < 0.05) during spring, summer and autumn. 
The kikuyu content of all the lucerne-kikuyu pastures was lower (p < 0.05) for all 
seasons than for kikuyu pasture during year 2. 
During year 1 the various dormancy groups established with the Gly/Plant and 
Gly/Rot methods had a kikuyu content that was was not significantly different (p > 
0.05) throughout all seasons. However, the dormancy groups established with the 
Rot method all showed an increase in kikuyu content from spring to summer/autumn. 
During year 2 all treatments, except D2 established using the Gly/Rot method, had a 
higher (p < 0.05) summer and autumn kikuyu content than winter and spring. This 
indicates that the kikuyu content will increase over time in kikuyu-lucerne pastures 
irrespective of the dormancy group or establishment method used.   
The Rot establishment method had a higher (p < 0.05) kikuyu content during 
summer and autumn of both year 1 and year 2 compared to the other establishment 
methods. The use of herbicides during establishment thus influenced the kikuyu 
content during autumn and summer, but not winter.   
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Table 38 Seasonal kikuyu content (%) for lucerne cultivars combined in dormancy groups established into kikuyu with different 
establishment methods for year 1 and year 2. 
  Year 1 Year 2 
Establishment method 
Dormancy 
group 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Plant 
D2 0 g 0.075 g 0.672 g 0.581 g 0.337 t 0.752 t 12.8 lmnopqrs 19.1 ijklmno 
D3 0 g 0.288 g 0.640 g 1.20 fg 0.226 t 2.98 st 25.3 ijk 28.3 hij 
D4 0 g 0.111 g 0.673 g 2.58 fg 0.081 t 2.88 st 29.9 hi 36.9 gh 
D5 0 g 0.082 g 0.630 g 0.618 g 0.107 t 0.653 t 11.2 mnopqrst 17.5 hijklmnop 
Gly/Rot 
D2 0 g 0 g 0.070 g 0.079 g 0.413 t 0.170 t 4.21 rst 10.7 mnopqrst 
D3 0 g 0.120 g 0.532 g 1.11 fg 0.299 t 1.33 t 15.5 klmnopqr 20.6 ijklm 
D4 0 g 0.045 g 0.647 g 1.51 fg 0.257 t 0.995 t 19.7 ijklmn 23.7 ijkl 
D5 0 g 0.017 g 0.737 g 0.837 g 0.189 t 0.951 t 15.8 klmnopq 24.2 ijk 
Rot 
D2 0 g 2.43 fg 9.32 e 16.3 c 8.81 nopqrst 6.00 qrst 45.5 fg 65.1 cd 
D3 0 g 2.59 fg 16.6 c 20.9 b 4.30 rst 8.01 opqrst 62.7 cd 67.4 bc 
D4 0.010 g 2.28 fg 14.8 cd 14.6 cd 2.45 st 7.75 pqrst 46.8 efg 57.2 cde 
D5 0.095 g 3.66 f 12.2 d 15.6 c 2.48 st 7.46 pqrst 39.5 gh 55.9 def 
Kikuyu 0.257 g 7.09 e 79.1 a 81.6 a 25.5 ijk 43.6 g 84.2 a 77.8 ab 
LSD 2.6959 11.313 
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05) 
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Seasonal kikuyu contents (%) for lucerne established into kikuyu with different 
establishment methods during year 1 and year 2 are shown in Table 39. Over-
sowing kikuyu with lucerne did not affect the kikuyu content of pastures during winter 
in year 1. When comparing within season, kikuyu pasture had a higher (p < 0.05) 
kikuyu content than all lucerne-kikuyu pastures during all remaining seasons during 
the study, irrespective of the method used. During summer and autumn of year 1 
and year 2 the Rot establishment method had a higher (p < 0.05) kikuyu content than 
other establishment methods. This establishment method also had the lowest (p < 
0.05) lucerne content during the same period (Table 36). The kikuyu content during 
winter of year 1 and year 2 were not significantly different (p > 0.05) between the 
treatments. Although not statistically analysed there appeared to be an increase in 
kikuyu content from year 1 to autumn year 2 for all of the establishment methods. 
Seasonal kikuyu content (%) for lucerne dormancy groups established into kikuyu for 
year 1 and year 2 are shown in Table 40. When comparing within seasons, the 
kikuyu pasture had the highest (p < 0.05) kikuyu content during spring, summer and 
autumn of year 1 and winter to autumn of year 2. When comparing within season, 
summer was the only season where dormancy group affected the kikuyu content of 
lucerne-kikuyu pastures. The winter and spring kikuyu content of all dormancy 
groups was lower (p < 0.05) than during summer and autumn. The kikuyu content 
during summer and autumn, when comparing within dormancy groups during year 1 
was not significantly different (p > 0.05) for dormancy groups D3, D4 and D5.  During 
year 2 the dormancy groups D2 and D5 had an increase in kikuyu content from 
summer to autumn whereas the kikuyu content for D3 and D4 were not significantly 
different (p > 0.05) during summer and autumn. There was an increase in kikuyu 
content from winter to autumn for all of the dormancy groups within both years. The 
decrease in lucerne content (Table 37) during this period is probably related to the 
increase in kikuyu content in the same period as discussed previously (section 
4.3.1). Table 32 also illustrates that there was a decrease in lucerne persistency 
during this period contributing to the lower lucerne and higher kikuyu content.  
Over-sowing kikuyu with lucerne resulted in a lower kikuyu content in kikuyu-lucerne 
pastures irrespective of the method or dormancy group used. When an herbicide 
was used to establish lucerne, it resulted in a lower (p < 0.05) kikuyu content 
especially during summer and autumn. 
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Table 39 Seasonal kikuyu content (%) for lucerne established into kikuyu with different establishment methods during year 1 and 
year 2. 
 Year 1 Year 2 
Season Winter Spring Summer Autumn Winter Spring Summer Autumn 
Establishment method                 
Gly/Plant 0 g 0.139 g 0.654 fg 1.24 fg 0.188 g 1.82 g 19.8 de 25.4 d 
Gly/Rot 0 g 0.046 g 0.497 g 0.882 fg 0.290 g 0.861 g 13.8 ef 19.8 de 
Rot  0.026 g 2.74 f 13.2 d 16.9 c 4.51 g 7.30 fg 48.6 c 61.4 b 
Kikuyu 0.257 g 7.09 e 79.1 b 81.6 a 25.5 d 43.6 c 84.2 a 77.8 a 
LSD 2.154 9.0391  
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05) 
 
 
Table 40 Seasonal kikuyu content (%) for lucerne dormancy groups established into kikuyu for year 1 and year 2. 
 Year 1 Year 2 
Dormancy 
group 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
D2 0 h 0.836 h 3.35 fg 5.66 cde 3.19 f 2.31 f 20.8 e 31.6 cd 
D3 0 h 1.00 h 5.92 cde 7.74 c 1.61 f 4.11 f 34.5 c 38.7 bc 
D4 0 h 0.811 h 5.39 def 6.24 cde 0.930 f 3.88 f 32.2 cd 39.3 bc 
D5 0 h 1.25 gh 4.53 ef 5.68 cde 0.927 f 3.02 f 22.1 e 32.5 cd 
Kikuyu 0.257 h 7.09 cd 79.1 b 81.6 a 25.5 de 43.6 b 84.2 a 77.8 a 
LSD 2.1211 8.9011 
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05)  
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4.3.3 Voluntary seasonal weeds content 
4.3.3.1 Grasses  
The seasonal voluntary grass content (%) for lucerne cultivars combined in 
dormancy groups and established into kikuyu is shown in Table 41. Voluntary 
grasses as a percentage of the total pasture varied between 0.9 and 94.6% during 
year 1 and between 6.7 and 49.1% during year 2. The grass content showed large 
variation according to season, lucerne dormancy group and establishment method. 
The grass content decreased from spring to summer for all treatments during year 1. 
During spring of year 2 the dormancy group D3 was the only treatment that had a 
higher (p < 0.05) grass content for all three of the establishment methods. The Rot 
establishment method had a lower (p < 0.05) grass content for all of the dormancy 
groups during summer and autumn of year 2.   
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Table 41 Seasonal voluntary grass content (%) for lucerne cultivars combined in dormancy groups established into kikuyu with 
different establishment methods for year 1 and year 2. 
  Year 1 Year 2 
Establishment  
method 
Dormancy 
group 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Plant 
D2 9.39 opqrstuv 16.4 jklmn 1.67 xy 2.71 wxy 17.1 klmnopqrs 20.6 ijklmnop 12.7 opqrs 18.8 jklmnopq 
D3 14.3 klmnop 32.8 cd 5.19 tuvwxy 10.8 nopqrst 26.9 fghijkl 45.1 abc 27.7 fghijk 30.7 efghi 
D4 8.18 qrstuvw 23.0 fghi 4.38 vwxy 5.24 tuvwxy 11.2 pqrs 37.7 bcdef 17.9 klmnopqr 26.8 fghijk 
D5 8.85 pqrstuv 22.7 fghi 2.52 wxy 3.92 vwxy 10.8 pqrs 22.4 hijklmno 17.0 klmnopqrs 18.5 jklmnopq 
Gly/Rot 
D2 11.5 mnopqrs 21.4 ghij 0.929 y 1.67 xy 14.7 nopqrs 13.7 opqrs 7.52 rs 20.8 ijklmnop 
D3 13.6 klmnopq 25.5 efg 3.57 vwxy 7.10 rstuvwxy 19.4 jklmnop 42.1 abcd 25.2 ghijklmn 26.2 ghijklm 
D4 15.1 klmno 21.5 ghij 4.91 uvwxy 4.26 vwxy 16.0 lmnopqrs 34.7 cdefg 22.3 hijklmno 25.2 ghijklmn 
D5 12.7 lmnopqr 27.6 def 5.88 stuvwxy 6.77 stuvwxy 12.9 opqrs 49.1 a 32.7 defgh 31.6 defghi 
Rot 
D2 17.6 hijkl 23.5 efgh 2.95 wxy 6.22 stuvwxy 32.2 defgh 29.2 efghij 8.04 qrs 14.0 opqrs 
D3 19.4 hijk 36.3 c 7.00 rstuvwxy 11.2 nopqrs 35.1 cdefg 39.4 abcde 8.11 nopqrs 15.8 mnopqrs 
D4 17.3 ijklm 32.9 cd 4.19 vwxy 7.32 rstuvwx 18.1 klmnopqr 39.5 abcde 14.9 nopqrs 17.7 klmnopqrs 
D5 15.5 klmn 29.0 de 4.36 vwxy 5.75 stuvwxy 19.6 jklmnop 33.8 defg 12.3 opqrs 15.9 lmnopqrs 
Kikuyu 94.6 a 84.1 b 10.5 opqrstu 6.50 stuvwxy 48.6 ab 34.8 cdefg 6.73 s 16.0 lmnopqrs 
LSD 5.875 11.016 
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05) 
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4.3.3.2 Clover  
The seasonal clover content (%) for lucerne cultivars combined in dormancy groups 
and established into kikuyu are shown in Table 42. The seasonal clover content of 
treatments varied over seasons, dormancy groups and establishment methods. 
During spring of year 1 the dormancy group D3 established using the Gly/Rot and 
Rot method had the highest (p < 0.05) and did not differ significantly from some of 
the other highest clover content. The clover contents of these treatments were also 
highest (p < 0.05) and did not differ significantly from some of the other highest from 
spring to autumn in year 1 when comparing within seasons. During year 2 the 
highest (p < 0.05) clover content was for D2 established using the Gly/Rot method.  
Lucerne dormancy had a bigger impact than establishment method on initial clover 
content. During winter and spring in year 2 the clover content of D4 and D5 were 
lower (p < 0.05) than for other dormancy groups when comparing within season. All 
treatments, however, showed a decrease in clover content to no significant 
differences in the low values in summer and autumn of year 2. This indicates that 
dormancy groups and establishment methods had no effect on the clover content by 
summer and autumn in year 2. The decrease in clover content could be due to and 
increase in kikuyu (Table 38) and grass (Table 41) content (Lodge, 1986; Botha et 
al., 2008a). 
 
106 
 
Table 42 Seasonal clover content (%) for lucerne cultivars combined in dormancy groups established into kikuyu with different 
establishment methods for year 1 and year 2. 
 Year 1 Year 2 
Establishment  
method 
Dormancy 
group 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Plant 
D2 - 16.0 fghijklm 9.21 klmn 15.4 fghijklmn 39.2 b 25.9 cdef 3.25 j 3.55 j 
D3 - 34.3 bc 20.3 defghij 21.7 defghi 29.7 cd 22.3 efgh 4.38 j 5.74 j 
D4 - 11.0 jklmn 9.97 klmn 12.3 hijklmn 18.3 ghi 16.2 hi 1.96 j 3.33 j 
D5 - 22.8 defg 12.8 hijklmn 11.6 ijklmn 18.3 ghi 16.8 hi 2.69 j 5.52 j 
Gly/Rot 
D2 - 15.9 fghijklm 8.36 lmn 18.1 efghijkl 49.9 a 27.7 cde 2.25 j 4.84 j 
D3 - 45.5 a 27.6 bcde 29.3 bcd 40.2 b 22.6 efgh 2.55 j 4.53 j 
D4 - 21.9 defgh 15.4 fghijklmn 14.3 ghijklmn 17.0 hi 14.8 i 3.70 j 3.56 j 
D5 - 24.9 cdef 18.9 efghijk 15.2 fghijklmn 22.3 efgh 16.7 hi 2.13 j 2.83 j 
Rot 
D2 - 26.4 bcde 8.89 klmn 15.3 fghijklmn 29.8 cd 23.6 defg 1.47 j 1.54 j 
D3 - 36.3 ab 21.2 defghi 23.1 defg 30.4 c 27.5 cde 2.67 j 1.42 j 
D4 - 24.7 cdef 12.5 hijklmn 12.3 hijklmn 15.2 i 16.9 hi 2.16 j 1.53 j 
D5 - 21.7 defgh 12.6 ghijklmn 10.1 klmn 17.5 ghi 17.3 ghi 1.95 j 2.07 j 
Kikuyu - 7.76 mn 5.87 n 9.42 klmn 25.2 cdef 20.1 fghi 6.17 j 5.21 j 
LSD 10.047 6.520 
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05) 
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4.3.3.3 Broadleaf weeds 
The seasonal weed content (%) for lucerne cultivars combined in dormancy groups 
and established into kikuyu are shown in Table 43. The weed content during winter 
and spring of year 1 were highest (p < 0.05) for all the treatment except the kikuyu 
pasture. Broadleaf weeds are a problem during winter and spring after establishment 
when lucerne is established into kikuyu by using these establishment methods. 
Establishment method did not affect weed content in D2, D4 or D5 during winter of 
year 1, but weeds were lower (p < 0.05) in D5 when established with Gly/Plant than 
Rot. When comparing within establishment methods, D2 and D3 had a higher (p < 
0.05) weed content than D4 and D5 when established with the Gly/Plant and Rot 
method. During winter and spring of year 2 the weed content for the different 
establishment methods was not significantly different (p > 0.05). The weed content in 
the kikuyu pasture was not significantly different (p > 0.05) during all seasons for 
year 1 and year 2 when comparing within years.  
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Table 43 Seasonal weed content (%) for lucerne cultivars combined in dormancy groups established into kikuyu with different 
establishment methods for year 1 and year 2. 
 Year 1 Year 2 
Establishment 
method 
Dormancy 
group 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Plant 
D2 65.5 ab 25.2 ghi 3.21 no 6.31 lmno 7.79 defgh 5.06 ghijklm 6.06 fghijk 4.15 hijklm 
D3 64.5 ab 26.5 gh 8.47 lmno 8.04 lmno 6.98 efghij 4.98 ghijklm 14.4 bc 7.63 defghi 
D4 47.4 ef 20.2 hij 7.81 lmno 8.35 lmno 5.75 fghijk 4.65 ghijklm 10.6 cde 6.33 efghij 
D5 52.7 ef 18.2 ijk 6.42 lmno 7.01 lmno 6.20 efghij 4.13 hijklm 5.95 fghijk 6.66 efghij 
Gly/Rot 
D2 69.9 a 24.7 ghi 4.77 mno 10.2 lmn 6.24 efghij 4.50 ghijklm 9.92 cdef 6.47 efghij 
D3 60.0 bc 28.4 g 11.5 klm 10.0 lmn 6.42 efghij 8.19 defgh 21.5 a 11.8 cd 
D4 43.7 f 21.5 ghi 6.38 lmno 7.69 lmno 8.35 defgh 5.37 ghijkl 17.2 ab 8.86 defg 
D5 52.8 cde 26.8 gh 9.12 lmno 10.3 lmn 5.88 fghijk 4.54 ghijklm 14.3 bc 6.72 efghij 
Rot 
D2 63.7 ab 23.2 ghi 7.12 lmno 8.82 lmno 4.93 ghijklm 5.83 fghijk 8.19 defgh 4.00 hijklm 
D3 63.7 ab 28.5 g 13.2 jkl 10.3 lmno 5.23 ghijklm 4.96 ghijklm 6.97 efghij 5.25 ghijkl 
D4 47.8 ef 21.5 ghi 8.28 lmno 9.66 lmno 5.81 fghijk 4.84 ghijklm 6.54 efghij 3.23 ijklm 
D5 54.9 cd 27.2 gh 11.3 klm 9.01 lmno 5.16 ghijklm 5.21 ghijklm 8.23 defgh 4.81 ghijklm 
Kikuyu 5.11 mno 4.94 mno 4.46 mno 2.49 o 0.72 m 1.61 klm 2.92 jklm 1.06 lm 
LSD 7.229 4.524 
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05) 
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4.4 Dry matter production of lucerne 
4.4.1 Seasonal growth rate  
The seasonal growth rates (kg DM ha-1 day-1) of kikuyu-lucerne pasture established 
with different methods for year 1 and year 2 are presented in Table 44 and Table 45, 
respectively. The seasonal growth rates of the cultivars, regardless of the 
establishment method, varied. Cultivars established with the Gly/Plant method had 
the highest (p < 0.05) and was not significantly different from some of the other 
highest seasonal growth rate compared to some of the other cultivars during summer 
of year 1 and spring of year 2. Most of the cultivars during summer of year 1 that 
were established with the Rot method and during spring of year 2 established with 
the Gly/Rot method had seasonal growth rates that were not significantly different (p 
> 0.05) from each other compared to those of the Gly/Plant method during the same 
season. The seasonal growth rates of the kikuyu-lucerne pasture varied between 
14.8 kg DM ha-1 day-1 during winter of year 1 to 84.1 kg DM ha-1 day-1 during summer 
of year 1. Kikuyu-lucerne pasture would have a lower grazing capacity during winter 
and higher during summer due to the change in seasonal growth rate. This seasonal 
variation in growth rate is important to consider when managing the fodder flow 
program for this system. Various authors also describe seasonal variations in growth 
rate of lucerne, which is lower in winter compared to summer production (Baars et 
al., 1990; Brown et al., 2003; Kelly et al., 2005; Tonmukayakul, 2009; Murphy et al., 
2010; Badenhorst, 2011). Kikuyu over-sown with legumes such as white and red 
clover (Trifolium repens and Trifolium pratense) had a maximum growth rate during 
summer of 64.1 kg DM ha-1 day-1, which is lower compared to the maximum growth 
rate of kikuyu-lucerne pasture (84.1 kg DM ha-1 day-1) (Botha et al., 2008a). This 
shows the superiority of lucerne over clover when over-sown into kikuyu pasture. 
 
The establishment method and cultivar influenced the seasonal growth rate. The 
cultivar WL 711 established with the Gly/Plant method and K91 established with the 
Rot method, had the highest (p < 0.05) and did not differ significantly from the 
highest seasonal growth rate compared to some of the other cultivars during both 
years. The cultivars WL 525 and SR10 when established with Gly/Plant method and 
SR10 established with Rot, were the only other cultivars were the seasonal growth 
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rate was the highest (p < 0.05) and did not differ significantly from some of the 
highest producing cultivars for all four seasons during year 2.  
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Table 44 The seasonal growth rate (kg DM ha-1 day-1) of kikuyu-lucerne pasture 
established with different methods for year 1.  
Establishment 
method 
Cultivar Winter Spring Summer Autumn 
Gly/Plant 
PRM 23.8 ab 60.7 ab 72.4 abcde 46.6 bcde 
WL357 21.1 abcde 65.0 a 84.1 a 48.9 bcd 
SAS 18.6 bcdefg 53.5 bcde 75.3 abcd 50.1 bc 
AUR 19.9 bcdefg 50.2 bcdef 75.4 abcd 48.0 bcd 
K91 19.4 bcdefg 57.1 abc 76.5 ab 48.4 bcd 
WL 525 25.9 a 54.1 bcde 79.3 ab 47.7 bcd 
SR10 19.6 bcdefg 49.3 cdef 75.8 abc 48.8 bcd 
WL 711 23.1 abc 58.1 abc 74.8 abcd 51.7 ab 
Gly/Rot 
PRM 15.9 efg 56.1 abcd 75.4 abcd 48.5 bcd 
WL357 20.7 abcdef 56.5 abcd 76.9 ab 43.4 cde 
SAS 19.5 bcdefg 49.4 cdef 67.1 bcdef 49.7 bc 
AUR 21.5 abcd 40.2 f 60.2 ef 41.0 de 
K91 22.0 abcd 50.3 bcdef 68.5 bcdef 48.8 bcd 
WL 525 20.0 bcdefg 48.0 cdef 63.2 cdef 46.1 bcde 
SR10 17.1 defg 46.4 def 67.6 bcdef 48.9 bcd 
WL 711 18.8 bcdefg 55.2 abcde 71.2 abcdef 48.6 bcd 
Rot 
PRM 18.9 bcdefg 49.1 cdef 73.1 abcde 51.5 ab 
WL357 15.9 efg 51.9 bcde 77.6 ab 42.5 cde 
SAS 18.5 cdefg 51.6 bcde 73.5 abcd 47.2 bcde 
AUR 15.7 fg 45.3 ef 62.8 def 39.3 e 
K91 21.8 abcd 54.7 abcde 77.6 ab 50.2 abc 
WL 525 14.8 g 48.9 cdef 75.2 abcd 54.0 ab 
SR10 19.0 bcdefg 44.6 ef 71.5 abcdef 52.4 ab 
WL 711 19.6 bcdefg 46.4 def 74.1 abcd 49.5 bc 
Kikuyu 16.0 efg 49.8 cdef 58.8 f 58.2 a  
LSD 5.21 10.61 13.03 8.03 
abcd Means with no common superscript differed significantly compared within seasons, LSD 
(p < 0.05) 
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Table 45 Seasonal growth rate (kg DM ha-1 day-1) of kikuyu-lucerne pasture 
established with different methods for year 2.  
Establishment  
method 
Cultivar Winter Spring Summer Autumn 
Gly/Plant 
PRM 26.8 defgh 53.4 abcd 58.4 bc  34.0 c 
WL357 29.0 cdefgh 57.1 abc 73.8 a 36.7 bc 
SAS 26.5 efgh 57.2 abc 57.0 bcd 37.3 abc 
AUR 30.5 bcdefg 52.8 abcd 61.2 abc 39.1 abc 
K91 33.7 abcd 53.2 abcd 59.6 bc 36.1 bc 
WL 525 34.4 abc 61.9 ab 69.1 ab 38.4 abc 
SR10 35.3 abc 57.1 abc 60.9 abc 39.7 abc  
WL 711 36.4 ab 63.0 a 65.8 abc 43.1 abc  
Gly/Rot 
PRM 29.5 bcdefgh 56.6 abc 62.4 abc 40.0 abc 
WL357 26.9 defgh 55.9 abcd 66.4 abc 36.4 bc 
SAS 29.5 bcdefgh 53.7 abcd 65.3 abc 40.8 abc 
AUR 24.4 gh 45.0 de 54.4 cd 33.6 c 
K91 31.2 abcdefg 52.9 abcd 55.5 bcd 38.9 abc 
WL 525 37.8 a 53.6 abcd 59.1 bc 39.4 abc 
SR10 33.5 abcde 52.4 abcd 52.7 cd 36.1 bc 
WL 711 29.3 bcdefgh 57.6 abc 63.3 abc 43.6 ab 
Rot 
PRM 26.0 fgh 54.4 abcd 61.5 abc 40.0 abc 
WL357 26.3 efgh 51.3 bcde 58.7 bc 37.3 abc 
SAS 28.7 cdefgh 48.9 cde 60.1 abc 38.5 abc 
AUR 22.4 h 41.0 e 44.5 d 37.0 bc 
K91 34.8 abc 61.9 ab 68.9 ab 45.8 a 
WL 525 34.7 abc 51.3 bcde 57.4 bcd 43.6 ab  
SR10 32.3 abcdef 56.1 abcd 61.5 abc 38.5 abc 
WL 711 32.1 abcdef 58.7 abc 58.5 bc 37.2 abc  
Kikuyu 33.7 abcd 53.1 abcd 58.0 bcd 38.7 abc 
LSD 7.17 11.30 13.87 8.64 
abcd Means with no common superscript differed significantly compared within seasons, LSD 
(p < 0.05) 
 
113 
 
4.4.2 Total seasonal production  
The total seasonal production (kg DM ha-1) for lucerne established into kikuyu with 
different establishment methods for year 1 and year 2 is presented in Table 46 and 
Table 47, respectively. Because growth rate influences total seasonal production, the 
total seasonal production had similar trends when compared to the seasonal growth 
rates. The total seasonal production of the cultivars also varied regardless of the 
establishment method. Cultivars established with the Gly/Plant method during 
summer of year 1 and spring of year 2 had the highest (p < 0.05) and did not differ 
significantly from the highest total seasonal production compared to the other 
cultivars. Most of the cultivars established with the Rot method during the summer of 
year 1 and the Gly/Rot method during spring of year 2, had total seasonal 
productions that were not significantly different (p > 0.05) compared to those of the 
Gly/Plant method during the same season. The Gly/Plant establishment method had 
a higher (p < 0.05) lucerne content compared to the Rot method during spring, 
summer and autumn of year 1 and year 2 (Table 36).  
Another similarity is that the establishment method and the cultivar influenced the 
total seasonal production. The cultivar WL 711 established with the Gly/Plant method 
and K91 established with the Rot method, had the highest (p < 0.05) and did not 
differ significantly from the highest total seasonal production compared to some of 
the other of the cultivars during both years. The lucerne content of the cultivar WL 
711 established with the Gly/Plant method was higher (p < 0.05) and did not differ 
significantly from some of the other highest cultivrs during year 1 and year 2 for all of 
the seasons compared to the cultivar K91 established with the Rot method, which for 
most of the seasons had lower (p < 0.05) than the highest lucerne content (Table 33 
and Table 34). The cultivar WL 711 is a highly winter-active cultivar, established for 
haymaking and is sensitive to grazing (Oberholzer et al., 1996a; Phillips and Miles, 
1996). In this pasture system, WL 711 had a high (p < 0.05) production and lucerne 
content (Table 36) compared to the other cultivars. The cultivars WL 525 and SR10 
when established with the Gly/Plant method and SR10 established with the Rot 
method, were the only other cultivars that had the highest (p < 0.05) total seasonal 
production for all four seasons during year 2. The lucerne content for the cultivar 
SR10 established with the Gly/Plant method, when comparing within seasons, were 
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higher (p < 0.05) and did not differ significantly from some of the highest producing 
cultivars for all of the seasons compared to the other treatments during year 2 (Table 
34). 
  
The seasonal production of kikuyu, for year 1 and year 2, during winter (1744 and 
3067 kg DM ha-1) and spring (3585 and 5951 kg DM ha-1) in this study, was higher 
(1500 and 2700 kg DM ha-1) compared to the findings of Botha (2003). The high DM 
production measured on the kikuyu plots could be due to the cutting method. If it is 
taken into consideration that no N was applied on the kikuyu pasture. A possible 
reason for the higher DM production is that some of the built up stem material was 
harvested, which would have overestimated production. This was further aggravated 
by cutting the same area over two years without taking steps to reduce material 
build-up from the previous year.   
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Table 46 Total seasonal production (kg DM ha-1) of kikuyu-lucerne pasture 
established with different methods for year 1. 
Establishment  
method 
Cultivar Winter Spring Summer Autumn 
Gly/Plant 
PRM 2432 ab 4367 ab  7412 abcde 3260 bcde 
WL357 2253 abcd 4681 a 8665 a 3425 bcd 
SAS 2039 bcdef 3852 bcde 7658 abcd 3507 bc  
AUR 2262 abcd 3612 bcdef  7696 abcd 3356 bcd 
K91 2039 bcdef 4110 abc  7709 abcd 3390 bcd  
WL 525 2612 a 3892 bcde 8110 abcd 3342 bcd 
SR10 2111 abcdef 3552 cdef 7741 abc 3415 bcd 
WL 711 2401 ab  4180 abc  7674 abcd 3620 ab 
Gly/Rot 
PRM 1765 cdef 4042 abcd 7657 abcd 3392 bcd 
WL357 2190 abcde 4066 abcd 7910 ab 3039 cde 
SAS 2059 bcdef 3556 cdef 6877 bcdef 3475 bc 
AUR 2348 ab 2891 f  6203 ef 2872 de 
K91 2310 abc 3625 bcdef 6967 bcdef 3419 bcd 
WL 525 2199 abcde 3457 cdef 6449 cdef 3228 bcde 
SR10 1941 bcdef 3342 def 6917 bcdef 3419 bcd 
WL 711 1950 bcdef 3973 abcde 7337 abcde 3403 bcd 
Rot 
PRM 1968 bcdef 3533 cdef 7460 abcde 3606 ab 
WL357 1668 f 3738 bcde 7911 ab 2971 cde 
SAS 1951 bcdef 3716 bcde 7501 abcde 3305 bcde 
AUR 1689 ef 3262 ef 6388 def 2751 e 
K91 2310 abc 3939 abcde 7887 ab 3514 abc 
WL 525 1627 f 3518 cdef 7596 abcd 3777 ab 
SR10 2068 abcdef 3214 ef 7183 bcdef 3665 ab 
WL 711 2072 abcdef 3340 def 7436 abcde 3465 bc 
Kikuyu 1744 def 3585 cdef 5961 f 4075 a 
LSD 551.8 764.1 1346.4 561.9 
abcd Means with no common superscript differed significantly compared within seasons, LSD 
(p < 0.05) 
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Table 47 Total seasonal production (kg DM ha-1) of kikuyu-lucerne pasture 
established with different methods for year 2. 
Establishment  
method 
Cultivar Winter Spring Summer Autumn 
Gly/Plant 
PRM 2428 defghi 5974 abcd 4034 bc 3823 c 
WL357 2619 cdefghi 6397 abc  5094 a 4156 bc 
SAS 2408 efghi 6415 abc 3937 bcd 4185 abc 
AUR 2778 abcdefgh 5921 abcd 4222 abc 4394 abc 
K91 3038 abcde 5951 abcd 4115 bc 4065 bc 
WL 525 3130 abc 6943 ab 4764 ab 4304 abc 
SR10 3182 abc 6395 abc 4204 abc 4506 abc 
WL 711 3285 ab 7052 a 4542 abc 4819 ab 
Gly/Rot 
PRM 2667 bcdefgh 6352 abc 4314 abc 4481 abc 
WL357 2420 efghi 6261 abcd 4599 abc 4080 bc 
SAS 2676 bcdefgh 6036 abcd 4511 abc 4592 abc 
AUR 2225 hi 5032 de 3759 cd 3779 c 
K91 2823 abcdefg 5927 abcd 3834 bcd 4379 abc 
WL 525 3397 a 5997 abcd 4081 bc 4430 abc 
SR10 3019 abcdef 5887 abcd 3642 cd 4078 bc 
WL 711 2652 bcdefgh 6451 abc 4371 abc 4904 ab 
Rot 
PRM 2365 ghi 6095 abcd 4245 abc 4486 abc 
WL357 2379 fghi 5742 bcde 4051 bc 4213 abc 
SAS 2598 cdefghi 5474 cde 4146 abc 4333 abc 
AUR 2001 i 4594 e 3070 d 4139 bc 
K91 3132 abc 6939 ab 4762 ab 5142 a 
WL 525 3148 abc 5759 bcde 3965 bcd 4889 ab 
SR10 2921 abcdefg 6280 abcd 4241 abc 4329 abc 
WL 711 2896 abcdefg 6562 abc 4036 bc 4176 abc 
Kikuyu 3067 abcd 5951 abcd 4010 bcd 4352 abc 
LSD 645.7 1265.1 958.5 973.1 
abcd Means with no common superscript differed significantly compared within seasons, LSD 
(p < 0.05) 
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The total seasonal production (kg DM ha-1) for lucerne cultivars combined in 
dormancy groups of kikuyu-lucerne pasture and established with different methods 
are shown in Table 48. The total seasonal production varied and was affected by 
establishment method and dormancy group. The total seasonal production of all 
treatments was lower (p < 0.05) during winter compared to the other seasons in both 
year 1 and year 2. This is similar to the findings of Botha et al. (2008a) and Van der 
Colf (2011) who found that the total seasonal production is lower during winter 
irrespective of the species over-sown into kikuyu. There were no differences (p > 
0.05) in the total seasonal production between kikuyu-lucerne treatments during 
winter of year 1. Although winter production during year 1 was predominately made 
up of broadleaf weeds for kikuyu-lucerne pastures (Table 43), Table 37 shows that 
the seasonal lucerne content was higher (p < 0.05) for the dormancy groups D4 and 
D5. Dormancy group D2 established using the Gly/Plant and Gly/Rot methods and 
D4 established with the Gly/Plant method had the highest (p < 0.05) or did not differ 
significantly from the highest total seasonal production during both spring and 
summer when compared within seasons in year 1. These treatments also maintained 
a high (p < 0.05) lucerne content during this period (Table 35). During summer of 
year 1 all kikuyu-lucerne treatments had a higher (p < 0.05) total seasonal production 
compared to the kikuyu treatment. In addition, during autumn of year 1 total seasonal 
production of the kikuyu was not significantly different (p > 0.05) from D5 established 
using the Gly/Plant method and D4 and D5 using the Rot method, but was higher (p 
< 0.05) compared to the rest.  
The total seasonal production during summer of year 1 and spring of year 2 was 
higher (p < 0.05) compared to the other seasons. During summer of year 1 the total 
seasonal production was mainly produced from lucerne (Table 35), which correlates 
to its seasonal growth trends (Badenhorst, 2011). During spring of year 2 there was 
a change in the botanical composition. There was an increase in voluntary grasses 
(bromus and ryegrass) during this period, which could have increased the production 
during spring of year 2 (Table 41).  
During the winter of year 2 a higher (p < 0.05) total seasonal production was 
achieved by D4 and D5 established using all methods, D3 established using the 
Gly/Plant method and kikuyu. However, D4 and D5 established using all methods 
had the highest (p < 0.05) and did not differ significantly from some of the highest 
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lucerne content within this season compared to the other treatments (Table 35). The 
kikuyu treatment had a high (p < 0.05) voluntary grass content during this season 
(Table 41).  
The impact on total seasonal production of lucerne-kikuyu pastures should be 
considered in terms of the botanical composition. Lucerne content and production 
were favourable for D4 and D5 during winter. These are winter-active dormancy 
groups, which have a higher winter production compared to winter-dormant 
dormancy groups (Humphries, 2008; Pembleton, 2010). Although there were 
relatively small differences in the total seasonal production of kikuyu-lucerne 
pastures within season during year 2, the trend for better lucerne content of D2, D3 
and D5 should also be considered (Table 37). 
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Table 48 Total seasonal production (kg DM ha-1) for lucerne cultivars combined in dormancy groups of kikuyu-lucerne pasture 
established with different methods for year 1 and year 2. 
  Year 1 Year 2 
Establishment  
method 
Dormancy 
group 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Plant 
D2 2343 n 4524 h 8039 a 3343 klm 2523 nop 6185 ab 4564 efg 3990 hi 
D3 2151 no 3732 ijkl 7677 abc 3431 klm 2593 lmnop 6168 b 4079 ghi 4289 fgh 
D4 2326 n 4001 hij 7909 a 3366 klm 3084 jklm 6447 ab 4439 fgh 4185 fgh 
D5 2256 no 3866 ijk 7708 ef 3517 ijklm 3233 jk 6724 a 4373 fgh 4662 ef 
Gly/Rot 
D2 1978 no 4054 hi 7784 ab 3215 lm 2543 mnop 6306 ab 4456 fgh 4281 fgh 
D3 2204 no 3224 lm 6540 f 3174 lm 2450 op 5534 cd 4135 fghi 4185 fgh 
D4 2255 no 3541 ijklm 6708 ab 3324 klm 3110 jkl 5962 bc 3958 hi 4405 fgh 
D5 1945 no 3657 ijkl 7127 cde 3411 klm 2835 klmnop 6169 b 4007 hi 4491 efgh 
Rot 
D2 1818 no 3636 ijkl 7686 abc 3289 lm 2372 op 5918 bc 4148 fghi 4350 fgh 
D3 1820 no 3489 jklm 6945 def 3028 m 2299 p 5034 de 3608 ij 4236 fgh 
D4 1969 no 3728 ijkl 7742 ab 3646 ijkl 3140 jkl 6349 ab 4364 fgh 5016 de 
D5 2070 no 3277 lm 7309 bcd 3565 ijklm 2908 klmn 6421 ab 4138 fghi 4252 fgh 
Kikuyu 1744 o 3585 ijklm 5961 g 4075 hi 3067 jklmn 5951 bc 4010 hi 4352 fgh 
LSD 560.2 552.9 
abcd Means with no common superscript differed significantly compared over treatment and seasons within years, LSD (p < 0.05) 
 
 
120 
 
4.4.3 Total annual production  
The total annual production (kg DM ha-1 year-1) of kikuyu-lucerne pasture established 
with different methods for year 1 and year 2 are shown in Table 49. For the 
establishment method Gly/Plant during year 1, the total annual production was 
highest (p < 0.05) and did not differ significantly from some of the the highest 
cultivars and the production ranged between 16819 to 19024 kg DM ha-1 year-1. 
Additional treatments that were not significantly different (p > 0.05) from the highest 
annual production value during year 1 included the cultivar PRM and WL357 
established using the Gly/Rot method and the cultivar K91 established with the Rot 
method. During year 2 the highest (p < 0.05) and did not differ significantly from 
some of the the highest total annual DM production was distributed throughout 
establishment methods. 
Establishment method did not affect the total annual production of the cultivars PRM, 
SAS, K91, SR10 and WL711 during year 1 when comparing over planting methods 
for individual cultivars. With the exception of the cultivars K91 and AUR, the annual 
production of individual cultivars was not affected by establishment method during 
year 2. With the exception of the cultivars AUR and WL 525 during year 1, the total 
annual production of the establishment methods Gly/Plant and Gly/Rot was not 
significantly different (p > 0.05) when comparing within cultivars and over 
establishment methods for year 1 and year 2. Similar results were found when 
comparing the establishment methods Gly/Rot and Rot with the exception of the 
cultivar K91 for year 2.  
With the exception of the cultivars WL357, WL 525, WL 711 established with the 
Gly/Plant method and the cultivar K91 established with the Rot method, the total 
annual DM production of kikuyu was not significantly different (p > 0.05) when 
compared to the other kikuyu-lucerne pastures during year 1. During year 2 kikuyu 
had a higher (p < 0.05) total annual DM production than the cultivar AUR established 
with the Rot method, but were not significantly different (p > 0.05) to the rest of the 
cultivars. Although the total annual DM production was not significantly different (p > 
0.05) of the different kikuyu-lucerne pastures, the botanical composition needs to be 
considered as it could have had an effect on the nutritive value (section 4.6). The Rot 
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establishment method had a lower (p < 0.05) lucerne content and higher (p < 0.05) 
kikuyu content during summer and autumn during year 2 (Table 36, Table 39).  
The total annual production of kikuyu increased from 15364 kg DM ha-1 during year 1 
to 17381 kg DM ha-1 during year 2, irrespective of the fact that it was not fertilised 
with N during this period. These yields are higher compared to what Botha (2003) 
found for kikuyu pasture and kikuyu pasture over-sown with temperate grasses and 
legumes that were fertilised. A potential reason for the higher DM production 
recorded during this study compared to Botha (2003) is cutting into built up stem 
material caused by selective grazing by animals, which would have overestimated 
production. This was further aggravated by cutting the same area over two years 
without taking steps to reduce material build-up from the previous year.  
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Table 49 The total annual production (kg DM ha-1 year-1) of kikuyu-lucerne pasture 
established with different methods for year 1 and year 2. 
Establishment 
 method 
Cultivar Year 1 Year 2 
Gly/Plant 
PRM 17471 abcd 16258 cde 
WL357 19024 a 18267 abc 
SAS 17056 abcd 16945 bcd 
AUR 16927 abcd 17315 abcd 
K91 17249 abcd 17169 abcd 
WL 525 17955 ab 19141 abc 
SR10 16819 abcd 18288 abc 
WL 711 17874 abc 19698 ab 
Gly/Rot 
PRM 16856 abcd 17814 abc 
WL357 17205 abcd 17360 abcd 
SAS 15967 bcdef 17815 abc 
AUR 14315 ef 14796 de 
K91 16321 bcdef 16963 bcd 
WL 525 15333 def 17905 abc 
SR10 15619 cdef 16626 cde 
WL 711 16663 bcd 18378 abc 
Rot 
PRM 16567 bcde 17192 abcd 
WL357 16289 bcdef 16385 cde 
SAS 16474 bcde 16551 cde 
AUR 14091 f 13805 e 
K91 17650 abc 19975 a 
WL 525 16519 bcde 17761 abc 
SR10 16131 bcdef 17770 abc 
WL 711 16312 bcdef 17671 abcd 
Kikuyu 15364 def 17381 abcd 
LSD 2259.2 2893.6 
abcd Means with no common superscript differed significantly compared within years, LSD (p 
< 0.05) 
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The total annual production (kg DM ha-1 year-1) of lucerne cultivars combined in 
dormancy groups and established into kikuyu are shown in Table 50. Also shown is 
the mean total production of the different establishment methods. Dormancy group 
D3, when established with the Gly/Rot and Rot methods, had the lowest (p < 0.05) 
and did not differ significantly from some of the other the lowest total annual 
production during year 1 and year 2. Although D4 and D5 established with the 
Gly/Rot method and D5 established with the Rot method also did not differ 
significantly from the lowest (p < 0.05) production during year 1, they showed an 
increase in total annual production during year 2 above that of the lowest (p < 0.05) 
value. Kikuyu also had the lowest (p < 0.05) total annual production during year 1 
and showed an increase during year 2. 
Dormancy group D4 and D5 had a higher (p < 0.05) total annual production during 
year 2 compared to year 1 when compared within dormancy groups. Whereas the 
dormancy groups D2 and D3 had total annual production that was not significantly 
different (p > 0.05) for both years within dormancy groups.  
The Gly/Plant establishment method had the highest (p < 0.05) mean total 
production for year 1 compared to the other establishment methods and kikuyu. 
During year 2 there was no significant difference in mean total production for all of 
the establishment methods and kikuyu. The Gly/Rot establishment method and 
kikuyu had a higher (p < 0.05) mean total production during year 2 compared to year 
1. However, the Rot establishment method had a lower (p < 0.05) lucerne and higher 
(p < 0.05) kikuyu content compared to the Gly/Plant and Gly/Rot establishment 
method during summer and autumn of both years (Table 36, Table 39). The 
botanical composition of the pastures needs to be considered as it differs between 
these two establishment methods, (section 4.3) and could affect the nutritive value of 
the pasture. This is assessed in section 4.6.  
When kikuyu is over-sown with ryegrass (Lollium spp.) and N is applied, the total 
annual production can range between 16123 to 16966 kg DM ha-1 year-1 (Botha et al. 
2008a; Van der Colf, 2011). These findings are similar or lower when compared to 
the mean total annual production of the different lucerne establishment methods. 
When kikuyu is over-sown with white and red clover the annual production ranged 
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from 13303 to 14570 kg DM ha-1 year-1, which was lower than the lowest (p < 0.05) 
total annual production of kikuyu-lucerne pasture (Botha et al., 2008a).  
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Table 50 Total annual production (kg DM ha-1 year-1) of lucerne cultivars combined in 
dormancy groups established with different methods for year 1 and year 2 with the 
mean total production of the different establishment methods. 
Establishment  
method 
Dormancy 
group 
Year 1 Year 2 
Mean total 
production 
Year 1 Year 2 
Gly/Plant 
D2 18248 abc 17262 cdefg 
17547 a 17885 a 
D3 16991 cdefgh 17130 cdefg 
D4 17602 bcd 18155 abc 
D5 17346 cdefg 18993 a 
Gly/Rot 
D2 17030 cdefgh 17587 bcde 
16035 c 17207 ab 
D3 15141 i 16305 efghi 
D4 15827 hi 17434 cdefg 
D5 16141 ghi 17502 cdef 
Rot 
D2 16428 defghi 16788 defgh 
16254 bc 17139 ab 
D3 15283 i 15178 i 
D4 17085 cdefg 18868 ab 
D5 16222 fghi 17720 abcd 
Kikuyu 15364 i 17381 cdefg 15364 
c 17381 a 
LSD 1296.6 1036.0 
abcd Means with no common superscript differed significantly compared over treatment and 
years, LSD (p < 0.05)  
 
The total annual production (kg DM ha-1 year-1) of lucerne cultivars combined in 
dormancy groups and averaged over establishment methods for year 1 and year 2 is 
shown in Table 51. Dormancy groups D2, D4 and D5 had a higher (p < 0.05) total 
annual production compared to kikuyu during year 1 whereas during year 2 there 
was no differences.  
Dormancy group D2 had a higher (p < 0.05) total annual production within year 1 
compared to the other dormancy groups. During year 2 the total annual production of 
D4 and D5 was higher (p < 0.05) compared to D3, but not significantly different to the 
rest. Dormancy group D3 is the only dormancy group where total annual DM 
production was below that of the highest (p < 0.05) dormancy group during both 
years. Dormancy groups D4, D5 and kikuyu had a higher (p < 0.05) total annual 
production during year 2 compared to year 1.  
It appears that the total annual DM production had more differences during year 1 
compared to year 2 between the establishment methods and dormancy groups. The 
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botanical composition, however, showed more differences between the 
establishment methods (Table 36 and Table 39) and dormancy groups (Table 37 
and Table 40) for both years. 
Table 51 The total annual production (kg DM ha-1 year-1) of lucerne cultivars 
combined in dormancy groups and averaged over establishment methods for year 1 
and year 2. 
Dormancy group Year 1 Year 2 
D2 17236 a 17213 abc 
D3 15805 de 16204 cde 
D4 16838 bc 18152 a  
D5 16570 bcd 18072 a 
Kikuyu 15364 e 17381 ab 
LSD                        1020 
abcd Means with no common superscript differed significantly compared over years, LSD (p < 
0.05) 
 
4.5 Dry matter content 
The seasonal dry matter content (%) of kikuyu-lucerne pasture established with 
different methods for year 1 and year 2 are shown in Table 52 and Table 53 
respectively. No clear trends could be identified in terms on DM content based on 
cultivars or planting methods within season, with relatively small differences 
apparent between kikuyu-lucerne pastures. In addition, the DM content did not differ 
markedly between the kikuyu treatment and various kikuyu-lucerne treatments. 
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Table 52 Seasonal dry matter content (%) of kikuyu-lucerne pasture established with 
different methods for year 1. 
Establishment 
method 
Cultivar Winter Spring Summer Autumn 
Gly/Plant 
PRM 13.3 bcdefg 13.7 bcd 17.4 a 15.0 abcd 
WL357 14.0 abcde 13.7 bcd 16.4 abcd 15.0 abcd 
SAS 13.0 cdefg 12.6 de 15.6 cd 15.0 abcd 
AUR 13.5 bcdef 13.1 cde 15.2 d 13.8 def 
K91 13.0 cdefg 13.6 bcd 17.5 a 15.4 abc 
WL 525 14.0 abcde 14.6 ab 16.8 abc 15.4 abc 
SR10 13.8 bcde 13.7 bcd 16.8 abc 15.0 abcd 
WL 711 12.8 cdefg 13.0 cde 16.3 abcd 15.2 abcd 
Gly/Rot 
PRM 13.4  bcdefg 13.4 bcde 17.4 ab 15.3 abcd 
WL357 13.0 cdefg 13.3 cde 16.1 abcd 14.3 bcdef 
SAS 12.0 g 12.3 e 15.9 bcd 14.0 cdef 
AUR 12.7 defg 13.9 bc 15.1 d 13.1 f 
K91 13.3 bcdefg 12.8 cde 16.1 abcd 15.8 ab 
WL 525 14.2 abc 13.3 cde 16.6 abcd 15.1 abcd 
SR10 14.1 abcd 13.6 bcd 16.1 abcd 14.6 abcde 
WL 711 13.2 bcdefg 13.2 cde 16.0 abcd 14.5 abcde 
Rot 
PRM 13.0 cdefg 13.8 bcd 16.9 abc 15.0 abcd 
WL357 14.6 ab 13.3 cde 16.3 abcd 14.4 bcdef 
SAS 13.6 bcdef 12.8 cde 15.0 d 13.4 ef 
AUR 13.2 bcdefg 13.3 cde 15.9 abcd 14.8 abcde 
K91 12.8 cdefg 13.6 bcd 16.0 abcd 15.2 abcd 
WL 525 13.2 bcde 13.1 cde 16.5 abcd 16.0 a 
SR10 12.1 fg 12.7 cde 15.4 cd 13.8 def 
WL 711 12.2 efg 13.4 bcde 17.0 abc 15.3 abcd 
Kikuyu 15.2 a 15.3 a 15.8 cd 15.0 abcd 
LSD 1.45 1.21 1.59 1.56 
abcd Means with no common superscript differed significantly compared within 
seasons, LSD (p < 0.05) 
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Table 53 Seasonal dry matter content (%) of kikuyu-lucerne pasture established with 
different methods for year 2.  
Establishment  
method 
Cultivar Winter Spring Summer Autumn 
Gly/Plant 
PRM 14.8 cdefg 14.0 abc 19.4 abc 16.1 abcdefg 
WL357 14.4 defghi 14.8 abc 19.0 abc 16.0 abcdefgh 
SAS 14.3 efghi 14.8 abc 18.2 abc 14.8 fghi 
AUR 13.5  i 14.8 abc 19.5 abc 14.8 i 
K91 15.2 cdefg 15.3 abc 18.8 abc 16.2 abcdef 
WL 525 16.5 ab 15.1 abc 17.8 abc 15.3 defghi 
SR10 15.2 cdef 14.1 bc 19.2 abc 15.6 cdefghi 
WL 711 15.0 cdefgh 14.2 abc 18.3 abc 14.8 hi 
Gly/Rot 
PRM 13.8 hi 14.4 abc 19.8 ab 15.1 fghi 
WL357 11.9 j 14.4 abc 19.0 abc 16.2 abcdefg 
SAS 13.5 i 13.8 c 17.7 abc 15.7 bcdefghi 
AUR 13.9 ghi 15.1 abc 20.1 a 15.0 efghi 
K91 14.6 defghi 14.7 abc 19.4 abc 15.5 defghi 
WL 525 15.4 bcde 15.0 abc 18.7 abc 15.8 bcdefghi 
SR10 15.1 cdefg 14.6 abc 18.4 abc 15.2 efghi 
WL 711 14.6 defghi 14.8 abc 19.4 abc 15.3 defghi 
Rot 
PRM 14.7 cdefghi 14.7 abc 19.3 abc 16.3 abcde 
WL357 14.1 fghi 14.7 abc 18.2 abc 16.8 ab 
SAS 14.1 fghi 14.0 bc 17.1 c 15.1 fghi 
AUR 15.6 abcd 15.2 abc 19.8 ab 16.2 abcdef 
K91 15.3 bcdef 14.9 abc 18.0 abc 15.5 cdefghi 
WL 525 16.7 a 15.5 ab 17.5 bc 16.7 abc 
SR10 15.4 bcde 14.9 abc 18.2 abc 15.1 fghi 
WL 711 15.9 abc 15.7 a 19.5 abc 17.2 a 
Kikuyu 15.1 cdefgh 14.9 abc 17.7 abc 16.4 abcd 
LSD 1.25 1.52 2.47 1.19 
abcd Means with no common superscript differed significantly compared within seasons, LSD 
(p < 0.05) 
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The seasonal dry matter content (%) of lucerne cultivars combined in dormancy 
groups established with different methods for year 1 and year 2 is shown in Table 
54. The DM content of kikuyu-lucerne pastures during winter and spring for year 1 
was lower (p < 0.05) than summer whereas during year 2, summer had the highest 
(p < 0.05) DM content. Botha (1994) also found the DM content of lucerne to be 
higher during summer than the other seasons.  
The kikuyu pasture DM content was not significantly different (p > 0.05) during all 
seasons in year 1, ranging between 15.2% and 15.8%. During winter and spring of 
year 1 the DM content of kikuyu was higher (p < 0.05) than for kikuyu-lucerne 
pastures. However, during year 2 the DM content of kikuyu showed seasonal 
variation, with winter and spring (15.1% and 14.9%) DM content lower (p < 0.05) 
than for summer and autumn (17.7% and 16.4%). In a study by Botha (2003), the 
DM content of kikuyu was lower during summer and autumn and ranged between 
14.2% and 14.6% respectively. Gomide et al. (1969a) found that the application of N 
decreased the DM content of kikuyu and this could be the reason why the fertilised 
kikuyu in the study by Botha (2003) had a lower DM content.  A build-up of kikuyu 
stem material forming a mat could also be the reason for the higher DM content of 
kikuyu. It is possible that the sampling method for determining production cut into 
this stem material increasing the DM content.  
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Table 54 Seasonal dry matter content (%) for lucerne cultivars combined in dormancy groups established into kikuyu with different 
establishment methods and for year 1 and year 2. 
 Year 1 Year 2 
Establishment  
method 
Dormancy 
group 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Plant 
D2 13.6 stuv 13.7 opqrstu 16.9 ab 15.0 hijklm 14.6 mnopq 14.9 klmnop 19.2 ab 16.1 fghi 
D3 13.3 stuv 12.9 uv 15.4 fghijkl 14.4 lmnopqr 13.9 pqr 14.8 klmnop 18.8 ab 14.8 klmnop 
D4 13.5 qrstu 14.1 mnopqrs 17.1 a 15.4 fghijkl 15.8 fghijk 15.2 hijklmno 18.3 bcd 15.8 fghijkl 
D5 13.3 stuv 13.4 rstuv 16.5 abcde 15.1 hijklm 15.1 hijklmno 14.2 opq 18.7 abcd 15.2 hijklmno 
Gly/Rot 
D2 13.2 stuv 13.4 rstuvw 16.7 abc 14.8 ijklmn 12.8 r 14.4 nopq 19.4 a 15.6 fghijklm 
D3 12.4 v 13.1 stuv 15.5 fghijk 13.5 pqrstu 13.7 qr 14.4 nopq 18.9 ab 15.3 ghijklmn 
D4 13.7 opqrstu 13.1 stuv 16.3 abcdef 15.4 fghijkl 15.0 ijklmno 14.9 klmnop 19.1 ab 15.7 fghijklm 
D5 13.6 pqrstu 13.4 stuv 16.0 bcdefgh 14.6 jklmnop 14.9 klmnop 14.7 lmnopq 18.9 ab 15.3 hijklmn 
Rot 
D2 13.8 nopqrstu 13.6 pqrstu 16.6 abcd 14.7 jklmno 14.4 nopq 14.7 lmnopq 18.8 abc 16.6 ef 
D3 13.4 rstuv 13.0 tuv 15.5 efghijk 14.1 mnopqrst 14.8 klmnop 14.6 mnopq 18.5 abcd 15.6 fghijklm 
D4 13.2 stuv 13.3 rstuv 16.3 abcdef 15.6 defghij 16.0 fghij 15.2 hijklmno 17.7 cd 16.1 fgh 
D5 12.4 v 13.1 stuv 16.2 abcdefg 14.5 klmnopq 15.6 fghijklm 15.3 hijklmn 18.8 ab 16.1 fgh 
Kikuyu 15.2 ghijkl 15.3 fghijkl 15.8 cdefghi 15.0 hijklm 15.1 hijklmno 14.9 jklmnop 17.7 de 16.4 fg 
LSD 1.07 1.09 
abcd Means with no common superscript differed significantly compared over treatment and seasons whithin years, LSD (p < 0.05) 
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4.6    Nutritive value 
4.6.1 Nutritive value of lucerne  
This section is devoted to discussion and comparison of the lucerne component of 
the kikuyu-lucerne pastures by itself compared to the kikuyu pasture. The aim is to 
determine how the nutritive value differs between the lucerne dormancy groups and 
kikuyu on a seasonal basis. 
4.6.1.1 Crude protein 
The seasonal crude protein (CP) content (%) for lucerne cultivars combined into 
dormancy groups and kikuyu during year 1 and year 2 are shown in Table 55. The 
lucerne dormancy groups and kikuyu showed seasonal variation in CP content. The 
CP content tended to be lowest during the summers of year 1 and year 2 for all 
lucerne dormancy groups when comparing within dormancy groups. At the lowest 
CP content of 22.5% it still meets the daily CP requirements of a small breed dairy 
cow (NRC, 2001). Compared to kikuyu, all the lucerne dormancy groups had a 
higher CP content during the two-year period. Despite the lower CP content of 
kikuyu pasture, the daily CP requirement of a small breed dairy cow was still met 
(NRC, 2001). The CP content of kikuyu ranged between 13.8% and 22.8%, which 
was similar to the findings of Dugmore and Du Toit (1988) whose results ranged 
from 12.7% to 23.3%. The CP content of kikuyu during winter and autumn was 
higher than spring and summer for both year 1 and year 2.  
The CP content of kikuyu during summer, autumn and winter (16.0% to 22.8%) of 
year 1 tended to be higher than during spring (13.8%). This is similar to the finding 
by Fulkerson et al. (1999) that the CP content of kikuyu during summer, autumn and 
winter (17.7% to 17.8%) was higher than during spring (14.5%). The CP content for 
summer and spring of year 1 was slightly lower than that of summer and spring of 
year 2 when comparing within seasons.  
The CP content decreases as the plant matures from the pre-flower bud stage (25%) 
to the full bloom (14% to 18%) (Slark and Mason, 1987; Tyrolová and Výborná, 
2008; Bozickovic, 2012). The lucerne pasture in this trial was harvested during the 
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early bloom stage (35 days) and a lower CP content would thus be expected. 
However, the CP content found (23.0% to 32.3%) was more similar to the pre-bloom 
values, as recorded in literature (Table 14) and much higher than the early bloom 
stage as recorded in literature.  
 Table 55 The seasonal crude protein (CP) content (%) for lucerne cultivars 
combined into dormancy groups and kikuyu during year 1 and year 2. 
Dormancy 
group 
Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
D2 32.3 27.6 25.1 29.2 31.7 29.3 25.3 30.4 
D3 27.3 25.5 23.0 26.2 30.6 27.7 22.5 28.4 
D4 26.1 25.5 23.0 27.1 29.4 25.5 23.6 28.0 
D5 26.1 26.0 23.0 23.8 29.5 27.5 23.1 27.3 
Kikuyu 22.8 13.8 16.0 20.8 23.1 18.8 17.5 20.4 
4.6.1.2 Neutral detergent fibre 
The seasonal neutral detergent fibre (NDF) content (%) for lucerne cultivars 
combined into dormancy groups and kikuyu during year 1 and year 2 is shown in 
Table 56. The lucerne dormancy groups showed seasonal variation in NDF content 
during year 1 and year 2. The NDF content ranged from 21.8% during winter of 
year 1 to 43.7% during summer of year 1. The NDF content tended to be lowest 
during the winter of year 1 and year 2 for lucerne dormancy groups and kikuyu. 
Meeske et al. (2006) and Badenhorst (2011) also found that lucerne had a lower 
NDF content during winter compared to the other seasons. However, during winter in 
year 1, the NDF content for the lucerne dormancy groups tended to be lower (21.8% 
to 24.5%) compared to winter in year 2 (28.1% to 30.6%). This could be attributed to 
the high (p < 0.05) weed content during winter of year 1 (Table 43). The NDF content 
tended to be higher for the lucerne dormancy groups, during summer of year 1 and 
year 2, compared to the other seasons (40.4% and 43.7%). Meeske (2006) found 
that lucerne had a higher NDF content of 43.0% during autumn. The lucerne 
dormancy group D2 tended to have a lower NDF content than the other lucerne 
dormancy groups during winter, spring and autumn of year 1 and year 2.  
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The lucerne dormancy groups had the lowest NDF content within seasons compared 
to kikuyu pasture. According to the literature, due to the lower NDF content of the 
lucerne pasture the intake would be higher for the lucerne dormancy groups 
compared to that of kikuyu pasture (Reeves, 1997; Fulkerson et al., 1998). The 
minimum daily NDF requirement of a lactating dairy cow is 30% of the total daily feed 
intake, thus with the exception of D4 and D5 for winter year 2, all the other lucerne 
dormancy groups during winter of both years did not meet the daily requirement 
(NRC, 2001). 
Table 56 The seasonal neutral detergent fibre (NDF) content (%) for lucerne 
cultivars combined into dormancy groups and kikuyu during year 1 and year 2. 
Dormancy 
group 
Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
D2 21.8 33.8 41.7 33.6 26.5 32.1 40.4 31.6 
D3 23.8 34.9 43.7 34.9 28.1 34.6 40.4 34.2 
D4 24.5 36.1 43.1 35.8 30.2 38.6 41.8 36.2 
D5 23.9 34.6 41.0 41.9 30.6 34.9 40.5 37.4 
Kikuyu 40.4 54.6 64.6 56.8 44.2 54.8 65.2 57.2 
4.6.1.3 Metabolisable energy 
The metabolisable energy (ME) content (MJ ME kg-1) for lucerne cultivars combined 
into dormancy groups and kikuyu during year 1 and year 2 is shown in Table 57. The 
ME content showed a tendency to be higher during winter of year 1 compared to the 
other seasons for all of the lucerne dormancy groups and kikuyu pasture. Over the 
two-year period the ME content of the lucerne dormancy groups was the lowest 
during summer of year 1 (8.56 to 9.50 MJ ME kg-1) (Homolka et al., 2012).  
The ME content of kikuyu was the lowest during autumn of year 1 (8.50 MJ ME kg-1) 
compared to the other seasons. This was similar to findings by Dugmore (1999), 
Fulkerson et al. (2007) and Botha et al. (2008a) who found 8.8, 9.0 and 8.1 MJ ME 
kg1 respectively. The ME content for the dormancy groups and kikuyu during winter 
of year 2 was highest compared to the other seasons and ranged from 11.1 to 
11.4 MJ ME kg-1. The ME content for the lucerne dormancy groups during spring, 
summer and autumn of year 2 ranged from 10.0 to 10.9 MJ ME kg-1, with little effect 
shown by dormancy group and season. These results were similar to those of Brown 
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and Moot (2004) and Goodwood et al. (2006) who found that the annual ME content 
of lucerne can range between 9.3 and 11.6 MJ ME kg-1. 
Table 57 The metabolisable energy (ME) content (MJ ME kg-1) for lucerne cultivars 
combined into dormancy groups and kikuyu groups during year 1 and year 2.  
Dormancy 
group 
Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
D2 13.3 10.5 9.27 10.8 11.1 10.4 10.0 10.4 
D3 12.7 10.2 8.56 10.1 11.4 10.3 10.2 10.9 
D4 12.4 10.2 9.11 9.99 11.4 10.1 10.1 10.2 
D5 12.4 10.2 8.94 9.17 11.3 10.2 10.2 10.2 
Kikuyu 12.9 11.3 9.50 8.59 12.2 10.3 10.1 10.2 
4.6.1.4 Calcium 
The seasonal calcium (Ca) content (%) for lucerne cultivars combined into dormancy 
groups and kikuyu during year 1 and year 2 are shown in Table 58. The Ca content 
of lucerne dormancy groups during the two-years ranged from 1.07% to 1.58%, 
which were in the range found in the literature from 1.02% to 2.05% (Bryant et al., 
1983; Leach, 1983; Keftasa and Tuvesson, 1993). The Ca content of kikuyu over the 
two-year period was lower (0.375% to 0.703%) compared to that of the lucerne 
dormancy groups. The kikuyu only meets the daily requirements of a dairy cow 
(0.67%) during winter of year 2 (NRC, 2001). However, lucerne exceeds the daily 
requirements of a dairy cow throughout the two-year period (NRC, 2001).  
Table 58 The seasonal calcium (Ca) content (%) of lucerne cultivars combined into 
dormancy groups and kikuyu during year 1 and year 2.  
Dormancy 
group 
Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
D2 1.07 1.21 1.23 1.10 1.42 1.19 1.15 1.40 
D3 1.25 1.28 1.22 1.17 1.47 1.25 1.21 1.50 
D4 1.39 1.33 1.35 1.26 1.51 1.35 1.38 1.58 
D5 1.37 1.30 1.26 1.11 1.46 1.42 1.31 1.51 
Kikuyu 0.460 0.435 0.375 0.504 0.703 0.650 0.423 0.543 
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4.6.1.5 Phosphorus 
The seasonal phosphorus (P) content (%) for lucerne cultivars combined into 
dormancy groups and kikuyu during year 1 and year 2 are shown in Table 59. The P 
content of the lucerne dormancy groups tended to decrease from winter to spring 
and and then increase from spring to autumn within dormancy groups for both years. 
The P content of lucerne dormancy groups ranged from 0.392% to 0.559%, which 
was in the range found in the literature from 0.25% to 0.45% (Bryant et al., 1983; 
Leach, 1983; Keftasa and Tuvesson, 1993). The dormancy group D2, when 
compared within seasons, had a tendency to have a higher P content than the other 
dormancy groups for most of the seasons. Over the two-year period, within seasons, 
the kikuyu pasture treatment showed a tendency to have a higher P content than the 
lucerne component of the dormancy group treatments. The P content of kikuyu 
varied between 0.524% and 0.712%. Thus, it was higher during winter and autumn 
of year 1 and summer and autumn of year 2 when compared to the literature that 
ranged between 0.18% and 0.58% (Gomide et al., 1996b; Dugmore, 1999; Botha et 
al., 2008a). The P content of kikuyu tended to be higher than the lucerne dormancy 
groups within each season over the two-year period. According to the literature, the 
daily P requirement of lactating dairy cows is 0.38% of daily feed intake, which 
means that both the different dormancy groups and kikuyu meet the requirements 
(NRC, 2001).  
Table 59 The seasonal phosphorus (P) content (%) for lucerne cultivars combined 
into dormancy groups and kikuyu during year 1 and year 2.  
Dormancy 
group 
Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
D2 0.545 0.461 0.529 0.559 0.490 0.422 0.522 0.545 
D3 0.555 0.417 0.482 0.536 0.478 0.402 0.496 0.555 
D4 0.503 0.420 0.467 0.483 0.418 0.392 0.466 0.503 
D5 0.544 0.426 0.455 0.517 0.464 0.404 0.478 0.544 
Kikuyu 0.712 0.533 0.536 0.602 0.541 0.524 0.635 0.626 
4.6.2 Nutritive value of kikuyu-lucerne pasture 
This section is devoted to the discussion and comparison of kikuyu-lucerne pastures 
compared to the kikuyu pasture. The aim of the section is to determine how the 
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nutritive value differs between kikuyu-lucerne pasture, kikuyu pasture and the 
lucerne component on a seasonal basis. 
4.6.2.1 Crude protein 
The mean seasonal crude protein (CP) content (%) for kikuyu over-sown with four 
lucerne dormancy groups using three establishment methods and a kikuyu pasture 
during year 1 and year 2 is shown in Table 60. The CP content of kikuyu-lucerne 
pasture when compared to the lucerne component (Table 55) was lower during 
winter of year 1. This was due to the high (p < 0.05) contribution of weeds (43.7% to 
69.9%) to the kikuyu-lucerne pasture composition during winter of year 1 (Table 43). 
Dormancy group D3 established with the Rot method had the lowest (p < 0.05) 
lucerne content compared to the other treatments during spring of year 1 (Table 35). 
However, pasture were D3 was established with the Rot method still had a CP 
content (21.3%) that tended to be higher than the CP content of kikuyu (13.8%). 
During summer of year 1 there was a trend for the pasture of dormancy group D2 to 
have a higher CP content compared to the other dormancy groups within 
establishment methods. A similar trend was seen for the pasture of dormancy group 
D2 established with Gly/Plant and the Gly/Rot method during summer of year 2. It 
also had the highest (p < 0.05) lucerne content within dormancy groups during both 
of these periods (Table 37), which could have resulted in the higher CP content 
compared to other treatments (Table 55). The pasture estabished with the Rot 
method showed a tendency to have a lower CP content during autumn of year 2 
compare to the pasture estabilshed with the Gly/Plant and Gly/Rot methods. This 
could be due to the higher (p < 0.05) kikuyu content for the Rot establishment 
method and the lower (p < 0.05) lucerne content (Table 35 and Table 38). 
There was a tendency for the CP content of kikuyu-lucerne pasture to be higher in 
autumn of year 1 compared to autumn of year 2. The CP content of kikuyu-lucerne 
pastures tended to be higher during autumn of year 1 and winter of year 2 compared 
to the other seasons within each year. The CP content during year 2 for the kikuyu-
lucerne pasture was lower within dormancy groups compared to the lucerne 
component by itself (Table 55). This coincided with a difference in botanical 
composition, although not statistically analysed, with year 1 having a higher lucerne 
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and lower kikuyu and grass content compared to year 2 (Table 35, Table 38 and 
Table 41). Thus, the CP content of kikuyu-lucerne pasture was affected by botanical 
composition, with the increase of grasses in the kikuyu-lucerne pasture the CP 
content decreased.  
Although the CP content of the kikuyu-lucerne pasture had a tendency to be lower 
than the lucerne component (Table 55), the CP content of kikuyu-lucerne pasture still 
tended to be higher within seasons compared to the kikuyu pasture throughout both 
years. Similar results were found in a study done by Botha et al. (2008a) when 
kikuyu was over-sown with white and red clover. They found that legume-dominated 
pasture had a higher (p < 0.05) CP content compared to grass-dominated pasture. It 
should also be kept in mind that Botha et al. (2008a) fertilised the grass-dominant 
pastures with 600 kg N ha-1 in 10 applications of 60 kg N ha-1 to maintain total annual 
DM production while the kikuyu pasture in the current study was not fertilised with N. 
The application of fertiliser could thus have potentially increased the CP content of 
the grass-dominant pasture, however the legume-dominated pasture still maintained 
total annual DM production that did not differ significantly (p > 0.05) compared to 
kikuyu pasture. 
All kikuyu-lucerne pasture treatments and the kikuyu alone, met the minimum CP 
requirements for dairy cows according to the NRC (2001). If the CP content of feed 
is not met the milk production of a dairy cow could be limited (Kovler, 2003; 
Bozickovic et al., 2012). Thus, a higher CP content, such as in the kikuyu-lucerne 
pasture is of benefit to the milk production compared to kikuyu (NRC, 2001).  
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Table 60 The seasonal crude protein (CP) content (%) of kikuyu-lucerne pasture established with different methods and dormancy 
groups for year 1 and year 2. 
Establishment  
method 
Dormancy 
group 
Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Planter 
D2 22.9 27.2 25.2 28.0 29.9 25.0 22.1 27.9 
D3 23.0 22.5 22.9 27.3 29.3 22.6 18.4 25.6 
D4 24.4 22.6 24.3 26.7 28.2 23.5 19.8 23.8 
D5 23.8 24.6 23.3 26.3 28.6 25.8 21.7 27.4 
Gly/Rot 
D2 23.7 25.2 24.8 28.9 29.6 27.6 22.5 28.5 
D3 24.5 24.8 22.7 28.0 29.0 23.4 19.3 26.1 
D4 23.5 24.5 23.2 27.8 28.3 23.7 20.5 25.8 
D5 24.0 24.3 24.2 26.9 28.4 23.5 20.2 25.3 
Rot 
D2 23.0 24.1 24.4 28.0 27.5 24.4 21.3 24.0 
D3 22.7 21.3 22.8 26.8 26.2 22.1 24.1 21.9 
D4 23.6 23.3 21.6 26.8 28.2 22.6 18.3 24.0 
D5 24.5 22.2 21.5 26.9 28.1 24.5 20.7 23.9 
Kikuyu 22.8 13.8 16.0 20.8 23.1 18.8 17.5 20.4 
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4.6.2.2 Neutral detergent fibre 
The seasonal neutral detergent fibre (NDF) content (%) of kikuyu-lucerne pasture 
established with different methods and dormancy groups for year 1 and year 2 are 
shown in Table 61. The NDF content during winter of both years was lower than the 
other seasons for all the pasture treatments. However, the seasons in year 1 were 
lower than all the seasons in year 2. The NDF content of the kikuyu-lucerne pastures 
during winter ranged lower than 30% during year 1 and 30.2% to 37.3% during year 
2. Thus, during winter of year 1 the NDF content of kikuyu-lucerne pasture did not 
meet the daily requirements (30%) of a lactating dairy cow (NRC, 2001). The lower 
NDF content during winter of year 1 could have been due to a high (p < 0.05) weed 
content (Table 43). The NDF content tended to be similar for the kikuyu-lucerne 
pastures from spring to autumn during both years. The kikuyu-lucerne NDF content 
had a tendency to be higher compared to the lucerne component (Table 56) during 
year 2, when comparing within dormancy group. The NDF content also tended to be 
higher during year 2 than year 1 when comparing seasons. This difference between 
the NDF content of kikuyu-lucerne compared to lucerne is due to the contribution of 
other species in the kikuyu-lucerne pastures. From the botanical composition data it 
is apparent that there was a higher kikuyu and grass content during year 2 compared 
to year 1. Thus, as the kikuyu and grass content increased in kikuyu-lucerne 
pastures, the NDF content increased.  
The NDF content of the pasture established with the Rot method tended to be higher 
than that of the of the pasture established with the Gly/Plant and Gly/Rot methods 
during summer of year 1 and summer and autumn of year 2. The pasture of the Rot 
establishment method had a higher (p < 0.05) seasonal kikuyu content during these 
seasons when compared with the other establishment methods (Table 38). 
Particularly during year 2 for summer and autumn, the pasture of the Rot 
establishment method had a kikuyu content ranging from 39.9% to 67.4%. Thus, a 
higher (p < 0.05) kikuyu content resulted in an increased NDF content.  
The NDF content for kikuyu pasture varied seasonally, with the NDF content during 
summer tending to be higher than for other seasons at 64.6% and 65.2% during 
years 1 and year 2, respectively. These findings were higher when compared to the 
findings of Cruywagen et al. (2007) where kikuyu reached a maximum NDF content 
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of 59.8%. Botha et al. (2008a) had similar results, with a high NDF content during 
summer. The high NDF content during summer reflects the higher (p < 0.05) DM 
content shown in Table 54. There was a trend for kikuyu-lucerne pasture to have a 
lower NDF content than the kikuyu pasture. Thus, intake would be higher for the 
kikuyu-lucerne pasture compared to that of kikuyu pasture due to the lower NDF 
content (Reeves, 1997; Fulkerson et al., 1998). Taking into consideration that 
kikuyu-lucerne pasture had a tendency to have a higher CP content compared to 
kikuyu (Table 60) and with the possible higher intake of kikuyu-lucerne pasture, 
during summer, this could lead to improved milk production.  
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Table 61 The seasonal neutral detergent fibre (NDF) content (%) of kikuyu-lucerne pasture established with different methods and 
dormancy groups for year 1 and year 2.  
Establishment  
method 
Dormancy  
group 
Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Planter 
D2 25.2 32.2 38.3 36.1 30.2 42.8 46.0 43.3 
D3 24.6 39.2 37.7 38.2 32.7 49.4 54.4 46.9 
D4 25.0 38.8 40.0 40.8 33.3 49.4 52.8 49.5 
D5 25.0 38.5 40.4 38.3 33.5 42.2 46.4 41.7 
Gly/Rot 
D2 23.5 35.5 39.1 38.3 31.2 42.6 45.0 39.6 
D3 24.2 35.7 42.9 37.1 33.8 40.5 54.3 43.7 
D4 27.6 37.1 39.8 37.5 35.3 47.2 54.0 44.7 
D5 25.5 37.5 40.7 38.6 34.5 48.2 55.2 45.6 
Rot 
D2 28.9 38.0 43.6 38.1 36.4 43.4 55.9 51.0 
D3 28.1 40.7 45.0 39.3 37.3 47.6 60.2 52.9 
D4 27.4 39.3 45.4 40.2 34.9 45.3 55.8 50.2 
D5 28.3 41.0 45.9 40.0 35.8 41.9 53.5 49.4 
Kikuyu  40.3 54.6 64.6 56.8 44.2 54.8 65.2 57.2 
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4.6.2.3 Metabolisable energy 
The seasonal metabolisable energy (ME) content (%) of kikuyu-lucerne pasture 
established with different methods and dormancy groups for year 1 and year 2 is 
shown in Table 62. During summer for year 1, the ME content for the kikuyu-lucerne 
pasture was lower than for the other seasons. This could have been due to the high 
lucerne content and the increase is growth rate for the dormancy groups as seen in 
Table 35 and Table 44 respectively (Homolka et al., 2012). During winter of year 2, 
the pasture for dormancy groups D2 and D3 tended to have a higher ME content 
than D4 and D5. Although lucerne content (Table 35) decreased for D2 and D3 
during winter of year 2, the clover content (Table 42) increased resulting in an 
increased CP content. The increase in clover could have resulted in an increased 
ME content. During the other seasons the kikuyu-lucerne and kikuyu pasture had a 
similar ME content.  
In both years, the kikuyu and kikuyu-lucerne pasture did not meet the daily ME 
requirements (14.6 MJ ME kg-1 DM per day) for a lactating dairy cow to maintain milk 
production (NRC, 2001). Metabolisable energy is the first factor to be limiting for milk 
production of a dairy animal and for this reason ME should be supplemented to 
make up the shortfall (McDonald et al., 2002; Kolver, 2003). 
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Table 62 The seasonal metabolisable energy (ME) content (%) of kikuyu-lucerne pasture established with different methods and 
dormancy groups for year 1 and year 2. 
Establishment  
method 
Dormancy  
group 
 Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Planter 
D2 11.9 11.0 10.0 11.1 12.1 10.1 10.3 10.3 
D3 11.7 11.3 9.47 10.9 12.3 10.1 10.2 9.90 
D4 11.5 11.1 9.53 10.2 11.3 9.94 10.1 10.1 
D5 11.7 10.7 8.86 10.3 11.0 10.1 10.0 10.0 
Gly/Rot 
D2 11.9 10.9 9.38 10.6 11.8 10.2 10.1 10.2 
D3 11.7 11.9 9.81 10.8 12.7 10.1 10.1 10.1 
D4 11.8 11.2 8.91 10.8 11.3 9.9 10.1 10.1 
D5 12.2 10.9 8.70 10.8 11.6 10.1 9.99 9.97 
Rot 
D2 10.5 11.7 8.67 10.8 12.2 10.2 10.3 10.2 
D3 12.2 11.7 9.62 10.5 12.4 10.1 10.2 10.2 
D4 12.2 11.3 8.60 10.6 11.4 10.3 10.2 10.1 
D5 12.1 11.1 8.86 11.1 11.6 10.3 10.2 10.1 
Kikuyu  12.9 11.3 9.50 8.59 12.2 10.3 10.1 10.2 
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4.6.2.4 Calcium 
The seasonal calcium (Ca) content (%) of kikuyu-lucerne pasture established with 
different methods and dormancy groups for year 1 and year 2 is shown in Table 63. 
The Ca content of the kikuyu-lucerne pasture during winter of year 1 tended to be 
higher than that of the other seasons. During summer and autumn of year 2 the 
pasture established with the Rot method had a lower Ca content than the other 
establishment methods. The the pasture established with the Rot method produced 
a lower (p < 0.05) lucerne and higher (p < 0.05) kikuyu content during this period, as 
shown in Table 35 and Table 39 respectively. The Ca content of kikuyu pasture was 
lower than that of the kikuyu-lucerne pasture and only met the recommended Ca 
requirements during winter of year 2 (NRC, 2001). The kikuyu pasture had the 
lowest Ca content during summer of both years. It has been reported that kikuyu has 
a lower Ca content during summer compared to the other seasons (Miles et al., 
1995; Fulkerson et al., 1999; Botha et al., 2008a). Thus, when lucerne is over-sown 
into kikuyu the Ca content of the pasutre is increased. 
The recommended daily Ca requirement on an intake basis for dairy cows is 0.67% 
(NRC, 2001). The pasture of all the dormancy groups, irrespective of the 
establishment method, met this recommended daily Ca content during year 1. During 
year 2, the pasture of the dormancy groups established with the Gly/Plant and 
Gly/Rot methods met the daily-recommended Ca requirements. During summer of 
year 2, the pasture of the Rot D2 treatment did not meet the daily Ca requirement. 
This treatment had a higher (p < 0.05) kikuyu content and a lower (p < 0.05) lucerne 
content during summer of year 2 (Table 35 and Table 38). The pasture of dormancy 
group D4 established with the Rot method had a Ca content of 0.51% during autumn 
of year 2, which did not meet the daily Ca requirements of a dairy cow. The reason 
for this low Ca content is unknown for this treatment. The various botanical 
components of this treatment were not significantly different (p > 0.05) to the pasture 
of D5 established with the Rot method during the same period when comparing 
within establishment methods.  
Excluding winter of year 1, an increased kikuyu content (Table 38) in the kikuyu-
lucerne pasture resulted in a decrease in the Ca content when compared to the 
lucerne component by itself (Table 58). Botha et al. (2008a) had similar findings in 
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kikuyu-legume pastures where an increase in kikuyu content decreased the legume 
component, which resulted in a decreased Ca content.  
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Table 63 The seasonal calcium (Ca) content (%) of kikuyu-lucerne pasture established with different methods and dormancy 
groups for year 1 and year 2. 
Establishment  
method 
Dormancy 
 group 
Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Planter 
D2 2.61 1.02 1.22 1.04 1.38 1.01 0.994 1.10 
D3 2.75 0.925 1.19 1.07 1.20 0.89 0.700 0.941 
D4 2.17 1.02 1.27 1.08 1.47 0.96 0.786 0.900 
D5 2.27 0.979 1.18 1.07 1.41 1.19 1.00 1.13 
Gly/Rot 
D2 2.52 1.19 1.16 1.04 1.33 1.14 1.00 1.19 
D3 2.76 1.09 1.14 1.01 1.27 0.93 0.836 1.08 
D4 2.36 1.11 1.36 1.15 1.38 1.06 0.905 1.10 
D5 2.27 1.03 1.19 1.06 1.43 1.02 0.800 1.03 
Rot 
D2 2.01 1.01 1.01 0.980 0.963 0.972 0.762 0.787 
D3 1.48 0.881 1.01 0.963 0.952 0.881 0.636 0.674 
D4 2.07 0.990 1.08 1.08 1.33 0.990 0.722 0.513 
D5 1.60 0.903 1.01 1.03 1.31 1.11 0.878 0.861 
Kikuyu 0.460 0.435 0.375 0.504 0.703 0.650 0.423 0.543 
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4.6.2.5 Phosphorus 
The seasonal phosphorus (P) content (%) of kikuyu-lucerne pasture established with 
different methods and dormancy groups for year 1 and year 2 is shown in Table 64. 
There was a tendency for the P content of the kikuyu-lucerne pasture to be higher 
during winter and to decrease from winter to summer of year 1. The P content of the 
kikuyu-lucerne pasture was higher than that of the lucerne component during winter 
of year 1 (Table 59). The P content was variable within and over establishment 
methods for the kikuyu-lucerne pasture from summer of year 1 to summer of year 2. 
When comparing over summer and autumn of year 2 the P content tended to 
increase for all dormancy groups.  
During winter and spring of year 1, the kikuyu-lucerne pasture’s P content tended to 
be higher compared to kikuyu pasture for all of the dormancy groups and 
establishment methods, excluding the pasture of D4 established with the Gly/Planter 
method for spring. This could be due to the higher (p < 0.05) weed content (Table 
43). From summer year 1 to autumn of year 2 there was a trend that the pasture of 
most of the kikuyu-lucerne establishment methods had a lower P content compared 
to kikuyu and kikuyu pastures in the literature (Miles and Manson, 2000). Thus, by 
establishing lucerne into kikuyu the P content could be lower compared to a kikuyu 
sward during most of the seasons.  
The daily P requirement of a lactating dairy cow is 0.38% (NRC, 2001). Thus, both 
the lucerne-kikuyu pasture and kikuyu pasture met the requirements for a lactating 
cow throughout the study period. 
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Table 64 The seasonal phosphorus (P) content (%) of kikuyu-lucerne pasture established with different methods and dormancy 
groups for year 1 and year 2. 
Establishment 
method 
 
Dormancy 
group 
Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
Gly/Planter 
D2 0.756 0.577 0.461 0.504 0.541 0.438 0.450 0.522 
D3 0.821 0.620 0.472 0.493 0.584 0.499 0.481 0.546 
D4 0.723 0.533 0.418 0.438 0.476 0.439 0.440 0.508 
D5 0.734 0.598 0.429 0.482 0.508 0.491 0.460 0.548 
Gly/Rot 
D2 0.810 0.588 0.440 0.504 0.562 0.513 0.449 0.536 
D3 0.843 0.620 0.429 0.482 0.541 0.469 0.460 0.507 
D4 0.723 0.598 0.461 0.460 0.476 0.460 0.442 0.493 
D5 0.756 0.598 0.440 0.471 0.508 0.481 0.437 0.492 
Rot 
D2 0.773 0.588 0.461 0.482 0.508 0.477 0.490 0.514 
D3 0.799 0.577 0.451 0.471 0.498 0.467 0.553 0.569 
D4 0.745 0.588 0.429 0.449 0.465 0.474 0.481 0.859 
D5 0.767 0.588 0.418 0.471 0.465 0.467 0.487 0.535 
Kikuyu 0.712 0.533 0.536 0.602 0.541 0.524 0.635 0.626 
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4.6.2.6 Ca:P ratio 
 
The seasonal calcium: phosphorus (Ca:P) ratio of lucerne and kikuyu-lucerne 
pasture according to the dormancy group for year 1 and year 2 is shown in Table 65. 
The Ca:P ratio was higher for the lucerne-kikuyu pasture than the lucerne 
component by itself. A high (p < 0.05) weed content (Table 43) in the pastures during 
winter could have enhanced the Ca:P ratio of kikuyu-lucerne pasture compared to 
pure lucerne. The kikuyu pasture had a low Ca:P ratio compared to the kikuyu-
lucerne pasture throughout the two-year period. Kikuyu pastures often contain more 
P than Ca, thus offering an imbalanced Ca:P ratio (Miles et al. 1995). The kikuyu 
pasture had a Ca:P ratio between 0.65:1 and 1.30:1 during year 1 and year 2. 
Similar results were found by Miles et al. (1995). In this case the P content of kikuyu 
had a trend that was opposite for Ca levels resulting in a Ca:P ratio ranging from 
0.95:1 to 0.68:1. Lucerne had a higher Ca:P ratio during summer and autumn, 
ranging between of 2.67:1 to 3.54:1. The lowest tolerable Ca:P ratio recommended 
for dairy cattle is 1:1 and the recommended ratio is 1.6:1 (Miles et al., 1995; NRC, 
2001). The kikuyu-lucerne pasture met the lowest tolerable Ca:P ratio throughout the 
two-year period, whereas the kikuyu pasture only met this ratio during winter and 
spring of year 2. The recommended Ca:P ratio was not met by the kikuyu pasture, 
whereas the kikuyu-lucerne pasture met this recommended ratio except during 
summer for D3 and autumn for D4 in year 2. The dormancy group D3 had a lower (p 
< 0.05) lucerne content and a higher (p < 0.05) kikuyu content during summer of 
year 2 (Table 37 and Table 40). During autumn of year 2 for the dormancy group D4 
had a low Ca:P content and did not meet the recommended requirements for a dairy 
cow. The reason for this is unknown, since the lucerne and kikuyu content were not 
significantly (p > 0.05) diffirent within establishment methods compared with the 
other treatments (Table 37 and Table 40). 
 
By over sowing kikuyu with lucerne the lowest tolerable recommended Ca:P ratio is 
met throughout the year.  
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Table 65 The seasonal Ca:P ratio of lucerne and kikuyu-lucerne pasture according to the dormancy group for year 1 and year 2. 
Treatment 
Dormancy 
Group 
Year 1 Year 2 
Winter Spring Summer Autumn Winter Spring Summer Autumn 
 D2 1.65:1 2.24:1 2.67:1 2.08:1 2.54:1 2.43:1 2.74:1 2.69:1 
Lucerne D3 2.05:1 2.33:1 2.90:1 2.44:1 2.72:1 2.60:1 3.03:1 3.00:1 
 D4 2.48:1 2.66:1 3.21:1 2.68:1 3.15:1 3.21:1 3.54:1 3.36:1 
 D5 2.40:1 2.41:1 2.93:1 2.41:1 2.81:1 3.09:1 3.28:1 3.15:1 
 D2 3.05:1 1.83:1 2.49:1 2.06:1 2.28:1 2.17:1 1.98:1 1.96:1 
Kikuyu-lucerne 
pasture 
D3 2.84:1 1.59:1 2.47:1 2.13:1 2.11:1 1.88:1 1.46:1 1.65:1 
 D4 3.02:1 1.81:1 2.83:1 2.45:1 2.92:1 2.20:1 1.78:1 1.35:1 
 D5 2.72:1 1.63:1 2.62:1 2.23:1 2.79:1 2.31:1 1.93:1 1.91:1 
Kikuyu 0.648:1 0.830:1 0.704:1 0.833:1 1.30:1 1.25:1 0.667:1 0.857:1 
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Chapter 5 
Conclusions  
Lucerne can be successfully established into kikuyu with the use of herbicide as part 
of the establishment method. The kikuyu-lucerne pasture had a total annual DM 
production that vary but the quality of the pasture will improve compared to kikuyu 
pasture. By establishing lucerne into kikuyu the cost of N fertiliser application can be 
lowered, as no N needs to be applied.   
5.1 Important findings 
• Lucerne seedling emergence and plant persistence varied over establishment 
methods.  
• Establishing lucerne into kikuyu with the glyphosate/rotavator (Gly/Rot) and 
rotavator (Rot) method yielded an overall higher percentage of established 
seedlings compared to the glyphosate/planter (Gly/Plant) method after six weeks.  
• Seedling emergence was not associated with higher persistence.  
• Establishment with the herbicide glyphosate, resulted in a higher lucerne content 
than rotavation only, specifically during spring, summer and autumn.  
• There was a decline in lucerne persistence over the two years of the study. 
• The persistence of the dormant (D2 and D3) and non-dormant varieties (D4 and 
D5) was not significantly different (p > 0.05) within the establishment methods. 
Grazing did not affect the persistence of non-dormant varieties. 
• The method of establishing lucerne into kikuyu had a greater influence on the 
persistence of lucerne compared to the influence of dormancy groups. 
• The decrease in persistence of lucerne dormancy groups, coupled with the 
decrease in lucerne content, was due to a simultaneous increase in grass content 
in the kikuyu-lucerne pasture.  
• When lucerne was established into kikuyu with the Gly/Plant or Gly/Rot methods, 
a lucerne content of 40% to 42% was attained after two years.  
• The Rot establishment method had a lower lucerne content for most of the 
seasons during the two years than the Gly/Plant and Gly/Rot methods.  
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• Dormancy group affected lucerne content primarily during winter, but not other 
seasons. The winter-active dormancy groups, D4 and D5, had a higher lucerne 
content during winter than the winter-dormant dormancy groups, D2 and D3. 
• The seasonal growth rates of the kikuyu-lucerne pasture varied between 14.8 kg 
DM ha-1 day-1 during winter to 84.1 kg DM ha-1 day-1 during summer.  
• Most of the kikuyu-lucerne pastures had a higher growth rate and total seasonal 
production during spring and summer.  
• Kikuyu-lucerne pasture had a lower grazing capacity during winter, autumn and 
higher during summer and spring as a result of the change in seasonal DM 
production.  
• The maximum seasonal growth rate of kikuyu-lucerne pasture (84.1 kg DM ha-1 
day-1) was higher compared to the literature when kikuyu is over-sown with clover 
species (64.1 kg DM ha-1 day-1).  
• The establishment method and cultivar influenced the seasonal growth rate and 
total seasonal production. The cultivar WL 711 established with the Gly/Plant 
method had the highest or did not differ significantly (p > 0.05) from the highest 
lucerne content (%), seasonal growth rate (kg DM ha-1 day-1) and total seasonal 
production (kg DM ha-1) within seasons.  
• Establishment method affected annual total dry matter production. The Gly/Plant 
method had a high annual total production (17547 and 17885 kg DM ha-1 year-1) 
during both years. 
• The CP content of kikuyu-lucerne (18.3% to 29.9%) and kikuyu (13.8% to 23.1%) 
pasture met the daily minimum CP requirements (11.8% to 18.2%) of a lactating 
small breed dairy cow.   
• Kikuyu-lucerne pasture had a lower NDF content compared to kikuyu pasture.  
• The ME content of kikuyu (8.59 to 12.9 MJ ME kg-1DM) and kikuyu-lucerne (8.60 
to 12.7 MJ ME kg-1DM) pasture did not meet the daily ME requirements (14.6 MJ 
ME kg-1DM day-1) for a lactating dairy cow to maintain milk production in both 
years.  
• The botanical composition affected the nutritive value of the kikuyu-lucerne 
pasture. The CP and Ca content decreased as the lucerne content decreased 
and the kikuyu content increased.  
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• Lucerne over-sown into kikuyu increase the Ca content of the pasture, which 
ranged between 0.51% to 2.75% whereas the Ca content of kikuyu range from 
0.42% to 0.70%. 
• The P content varied over dormancy groups and establishment methods. The P 
content of kikuyu-lucerne (0.42% to 0.84%) and kikuyu (0.53% to 0.71%) pasture 
met the daily P requirement (0.38%) of a lactating dairy cow.  
• The recommended Ca:P ratio (1.6:1) was not met by the kikuyu pasture (0.648:1 
to 1.30:1). 
• The dormancy groups D2 (1.83:1 to 3.05:1) and D5 (1.63:1 to 2.79:1) were the 
only ones that could meet the recommended Ca:P ratio over all the seasons. 
5.2 Summary 
The aim of this study was to determine the DM production potential of lucerne 
cultivars from various dormancy groups when over-sown into an existing kikuyu 
pasture base on soils that are suitable for lucerne cultivation, without any N fertiliser 
application.  
 
This study was carried out on the Outeniqua Research Farm near George in the 
Western Cape province of South Africa. Two cultivars were selected from each of 
four lucerne dormancy groups and sown into an existing kikuyu pasture on soils 
suited for lucerne cultivation. The statistical design was a randomised block design 
with three replicates under permanent sprinkler irrigation. The first establishment 
method consisted of spraying the kikuyu with glyphosate, grazed it to a height of 50 
mm, mulched to ground level, direct drilling the seed into the soil with a no-till planter 
and rolled with a light land roller. With the second establishment method, the kikuyu 
was sprayed with glyphosate, grazed to a height of 50 mm, mulched to ground level, 
cultivated and the area rolled. Seed was then broadcast and the area rolled again. 
The third establishment method consisted of grazed the kikuyu to a height of 50 mm, 
mulched to ground level, cultivated, rolled to create a firm seedbed, broadcasting the 
seed and rolling again.  
 
Seedling establishment and survival was determined by counting lucerne seedlings 
every two weeks up to a minimum of four weeks after establishment. Lucerne 
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persistence was determined once at the end of each season. The botanical 
composition (lucerne-, kikuyu-, clover-, grass- and weed content), growth rate (kg 
DM ha-1 day-1), total DM production (kg DM ha-1), and DM content (%) of the 
treatments was determined before every grazing. The nutritional value (CP-, ME-, 
NDF-, Ca-, and P content) of the treatments was determined seasonally. The 
pasture was strip grazed every 35-days by Jersey cows after pasture measurements 
had been taken. This was to evaluate the impact of grazing animals on the 
persistence of kikuyu-lucerne pasture system.  
 
Establishing lucerne into kikuyu with the glyphosate/rotavator (Gly/Rot) and rotavator 
(Rot) methods yielded an overall higher percentage of established seedlings 
compared to the glyphosate/planter (Gly/Plant) method after six weeks. However, 
high seedling emergence was not associated with higher persistence. The reason for 
this was that establishment with the glyphosate herbicide resulted in a higher lucerne 
content than rotavation only, specifically during spring, summer and autumn. The 
persistence of the dormant (D2 and D3) and non-dormant varieties (D4 and D5) was 
not significantly different (p > 0.05) within establishment methods at the end of year 
2. Thus, establishing either of the dormancy groups with the same establishment 
method resulted in similar persistence when grazing kikuyu-lucerne pasture after two 
years.  
 
There was a change in botanical composition over the two years. As the grass 
content increased in the kikuyu-lucerne pasture the lucerne content decreased. The 
establishment method had an effect on the botanical composition. When lucerne was 
established with the Gly/Plant or Gly/Rot establishment method into kikuyu, a 
lucerne content of 40% to 42% could be attained after two years. The Rot 
establishment method had a lower lucerne content for most of the seasons during 
the two years than the Gly/Plant and Gly/Rot establishment methods.  
 
The seasonal growth rates of the kikuyu-lucerne pasture varied between 14.8 kg DM 
ha-1 day-1 during winter to 84.1 kg DM ha-1 day-1 during summer. Most of the kikuyu-
lucerne pastures had a higher growth rate and total seasonal production during 
spring and summer. As a result, kikuyu-lucerne pasture would have a lower grazing 
capacity during winter and autumn and higher during summer and spring. The 
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establishment method and cultivar influenced the seasonal growth rate and total 
seasonal production. The cultivar WL 711 established with Gly/Plant establishment 
method had the highest or did not differ significantly (p > 0.05) from the highest 
lucerne content, seasonal growth rate and total seasonal production within seasons. 
During year 1 total annual production ranged between 14091 to 19024 kg DM ha-1 
year-1, with the Gly/Plant establishment method yielding the highest or did not differ 
significantly (p > 0.05) from the highest annual production. During year 2 the highest 
or did not differ significantly (p > 0.05) from the highest total annual DM production 
was distributed over establishment methods and ranged between 13805 to 19975 kg 
DM ha-1 year-1. 
 
The CP content of kikuyu-lucerne (18.3% to 29.9%) and kikuyu (13.8% to 23.1%) 
pasture met the daily minimum CP requirements (11.8% to 18.2%) of a lactating 
small breed dairy cow. The NDF content of kikuyu-lucerne pasture was lower when 
compared to the kikuyu pasture. The ME content of kikuyu (8.59 to 12.9 MJ ME kg-1 
DM) and kikuyu-lucerne (8.60 to 12.7 MJ ME kg-1DM) pasture did not meet the daily 
ME requirements (14.6 MJ ME kg-1DM day-1) for a lactating dairy cow to maintain 
milk production throughout both years.  
 
The botanical composition affected the nutritive value of the kikuyu-lucerne pasture. 
The CP and Ca content decreased as the lucerne content decreased and the kikuyu 
content increased over the two years. Lucerne over-sown into kikuyu increased the 
Ca content of pasture to between 0.51% and 2.75%, whilst that of kikuyu was lower 
at between 0.42% and 0.70%. The P content of kikuyu-lucerne (0.42% to 0.84%) 
and kikuyu (0.53% to 0.71%) pasture met the daily P requirement (0.38%) of a 
lactating dairy cow. The recommended Ca:P ratio (1.6:1) was not met by the kikuyu 
pasture (0.65:1 to 1.30:1). The dormancy group D2 (1.8:1 to 3.05:1) and D5 (1.63:1 
to 2.79:1) were the only dormancy groups that could meet the recommended Ca:P 
ratio over all the seasons. 
 
Lucerne can be successfully established into kikuyu. The use of herbicide as part of 
the establishment method is important. The kikuyu-lucerne pasture had a total 
annual DM production that vary but the quality of the pasture will improve compared 
to kikuyu pasture. The quality of kikuyu pasture will improve if lucerne is successfully 
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planted into it. It will also not be necessary to fertilize with N making the pasture 
more cost effective.   
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